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From: Mark Sabath

Sent: Friday, April 9, 2021 9:08:16 AM

To:'Walthall, Anita'

Cec: "Peter Anderson'; Tiffany Haworth (thaworth@danriver.org); 'Steven Pulliam'; Emily Sutton; Anita Royston (naacppittsyco@gmail.com); Elizabeth Kostelny;
Ivy Main (ivy.main@sierraclub.org)

Subject: Comments on Lambert Compressor Station Air Permit (Email 1 of2)

Importance: Normal

Attachments:

[Comments of SELC et al. on Lambert Compressor Station Air Permit 4-9-21.pdf]Exhibits 1-10.pdf];

Ms. Walthall: Please find attached the comments of the Southern Environmental Law Center, Appalachian Voices, Dan River Basin Association, Good
Stewards of Rockingham, Haw River Assembly, Pittsylvania County NAACP, Preservation Virginia, and Sierra Club Virginia Chapter on the proposed stationary
source permit to Mountain Valley Pipeline, LLC to construct and operate the Lambert Compressor Station (Registration No. 21652). Exhibits 1-10to our
comments are also attached to this email. Exhibits 11-28 will follow in a second email.

Please feel free to contact me with any questions.
Mark

Mark Sabath

Senior Attorney | Southern Environmental Law Center

201 West Main St., Suite 14 | Charlottesville, VA 22902-5065
T: (434) 977-4090 | Email: msabath@selcva.org
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SOUTHERN ENVIRONMENTAL LAw CENTER

Telephone 434-977-4090 201 WEST MAIN STREET, SUITE 14 Facsimile 434-977-1483
CHARLOTTESVILLE, VA 22902-5065

April 9, 2021
Via email to anita.walthall@deq.virginia.gov

Ms. Anita Walthall

Virginia Department of Environmental Quality
Blue Ridge Regional Office

901 Russell Drive

Salem, VA 24153

Re: Proposed Stationary Source Permit to Mountain Valley Pipeline, LLC to
Construct and Operate Lambert Compressor Station (Registration No. 21652)

Dear Ms. Walthall:

The Southern Environmental Law Center, Appalachian Voices, Dan River Basin
Association, Good Stewards of Rockingham, Haw River Assembly, Pittsylvania County
NAACP, Preservation Virginia, and Sierra Club Virginia Chapter hereby submit the following
comments on the Department of Environmental Quality’s (“DEQ’s”) draft minor new source
permit to Mountain Valley Pipeline, LLC (“MVP”) to construct and operate the Lambert
Compressor Station in Pittsylvania County. The interests of our organizations and members
would be directly and adversely affected by the issuance of the proposed permit.

The Lambert Compressor Station would be part of the MVP Southgate Project, a
proposed 75-mile gas pipeline that would extend from Pittsylvania County to Alamance County,
North Carolina. The proposed facility would feature two natural gas-fired combustion turbines
providing approximately 27,756 horsepower (“hp”) of compression, gas-fired micro combustion
turbines to provide on-site energy, a gas-fired heater, two 10,000-gallon produced fluid tanks,
and other equipment.*

As set forth below, DEQ and MVP have neglected to adequately address environmental
justice concerns, performed an incomplete site suitability analysis, and failed to demonstrate
compliance with applicable air permitting requirements for the Lambert Compressor Station.
Through these fundamental flaws in the permitting process, DEQ has failed to ensure that issuing
the permit would adequately maintain air quality and protect local residents—in particular,
communities of color and low-income communities—from disproportionate adverse health
impacts. We ask that the permit be submitted for consideration by the State Air Pollution Control
Board (“Board”); request a public hearing so that the Board hears directly from affected

! Mountain Valley Pipeline, LLC, Article 6 Air Permit Application for the Lambert Compressor
Station — MVP Southgate Project 2 (rev. 2, June 2020) (“June 2020 Permit Application™).
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community members along with other members of the public; and urge the Board to deny the
permit.

. The Permitting Process for the Lambert Compressor Station Has Failed to Provide
for the Fair Treatment and Meaningful Involvement of Environmental Justice
Communities.

As the United States Court of Appeals for the Fourth Circuit observed in Friends of
Buckingham v. State Air Pollution Control Board, “[t]here is evidence that a disproportionate
number of environmental hazards, polluting facilities, and other unwanted land uses are located
in communities of color and low-income communities.”? And under Virginia law, in considering
whether to approve a permit for the construction and operation of a facility, the Board is
“require[d] ... to consider the potential for disproportionate impacts to minority and low income
communities.”

That requirement is now even more prominently enshrined in Virginia law than it was at
the time of the Fourth Circuit’s Friends of Buckingham decision. The 2020 enactment of the
Virginia Environmental Justice Act (“VEJA”) made it “the policy of the Commonwealth to
promote environmental justice and ensure that it is carried out throughout the Commonwealth,
with a focus on environmental justice communities and fenceline communities.” Accordingly, it
is Virginia policy to afford environmental justice communities fair treatment and ensure that they
do not “bear[] a disproportionate share of any negative environmental consequence resulting
from an industrial, governmental, or commercial operation, program, or policy.” Under the
VEJA, environmental justice communities must also be given meaningful involvement in agency
decision-making processes; they must “have access and opportunities to participate in the full
cycle of the decision-making process about a proposed activity that will affect their environment
or health”; and decision-makers must “seek out and consider” the participation of affected
community members, “allowing the views and perspectives of community residents to shape and
influence the decision.”® Separate legislation enacted in 2020 made it an express DEQ policy “to
further environmental justice.””

2 Friends of Buckingham v. State Air Pollution Control Bd., 947 F.3d 68, 87 (4th Cir. 2020)
(quoting Nicky Sheats, Achieving Emissions Reductions for Environmental Justice Communities
Through Climate Change Mitigation Policy, 41 Wm. & Mary Envtl. L. & Pol’y Rev. 377, 382
(2017)).

® Friends of Buckingham, 947 F.3d at 87 (quoting brief filed on Board’s behalf); see also Va.
Code § 10.1-1307(E)(3) (requiring the Board, in weighing approval of a permit, to consider
“[t]he suitability of the activity to the area in which it is located”).

*Va. Code § 2.2-235.

> 1d. § 2.2-234.

®1d.

7 1d. § 10.1-1183; see also id. § 10.1-1182 (defining “environmental justice”).
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Yet the treatment of environmental justice concerns by MVP and DEQ resemble in many
ways the handling of the minor new source permit for the Buckingham Compressor Station, a
part of the now-abandoned Atlantic Coast Pipeline that was proposed to be sited in the historic,
predominantly African American community of Union Hill. In January 2020, the Fourth Circuit
vacated that permit, finding that DEQ and the Board had “failed to make any findings regarding
the demographics of Union Hill that would have allowed for a meaningful assessment of the
likelihood of disproportionate harm” and “fail[ed] to consider the disproportionate impact on
those closest to the Compressor Station.”® Similar flaws in the environmental justice analysis
performed by MVP and DEQ for the Lambert Compressor Station render the proposed permit
unlawful under Friends of Buckingham and impede the fair treatment and meaningful
involvement of affected communities of color and low-income communities.

A. DEQ and MVP’s public outreach efforts have been inadequate—particularly
with respect to communities of color.

Ensuring the meaningful participation of those most directly affected by DEQ’s
permitting decisions—often, the communities most likely to bear the health risks associated with
increased air pollution—requires ensuring that relevant information reaches affected community
members at a time and in a manner that it is useful to them, and ensuring that they have a full
opportunity to provide input. To date, MVP’s outreach efforts have fallen woefully short of
ensuring that relevant information reaches affected community members and ensuring their
input—especially with regard to the African American and Indigenous communities that will
face potential impacts.

First, as MVP’s consultant, Dr. Alexa Lawrence, acknowledged, the number of
interviews she conducted with community members was so small as to “not reflect sufficient
practices to meet the standards of academic inquiry.”® Between June 22, 2020, and August 31,
2020, Dr. Lawrence conducted interviews with “members of the identified Indigenous
communities native to this amainechi” and “non-Indigenous community members resident within
a 10-mile radius of the proposed Lambert Compressor Station.”*° On August 26, 2020, Dr.
Lawrence conducted the “only physical visit to Pittsylvania County and the proposed Station site
(and surrounding towns, etc.),” which “did not entail any person-to-person contact.”** To better
ensure the participation of community members and to garner the concerns of the potentially
affected community, DEQ should require MVP to increase the number of community members
interviewed as well as the number of site visits.

® Friends of Buckingham, 947 F.3d at 87, 92.

% Land & Heritage Consulting, LLC, Updated Community Impact Assessment of Lambert
Compressor Station 35 (Feb. 23, 2021) (“Updated Community Impact Assessment”). Dr.
Lawrence reported that outreach was limited by the timeline of the environmental justice review,
the COVID-19 pandemic, and George Floyd-related community protests. Id. at 3.

%1d. at 38.
11d. at 15 (emphasis added).
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Second, MVP’s consultant interviewed only one member of the Blairs, an “African-
American community composed of Freedmen descendants.”*? Dr. Lawrence identified “a present
and thriving African-American community, many of whom are descendants of the original
Freedmen families,” and connected to the current Blairs, Virginia community.® However, her
outreach to the Blairs resulted in only one full interview.'* To ensure that “the specific and
unique needs and concerns” of the Blairs are more completely understood, DEQ should require
MVP to continue “targeted outreach to that community.”*

Lastly, community members did not receive timely notice of the proposed Lambert
Compressor Station. Even at the time of the consultant’s interviews—two years after MVP
initially applied to DEQ for an air permit for the Lambert Compressor Station—*[a] majority of
[their] respondents were not familiar with the proposed Station.”*® The NAACP’s Pittsylvania
County Branch did not receive notice of the project until December 2020.%" In addition,
“Indigenous community members consistently expressed disappointment and frustration that
[MVP] had not previously conducted appropriate or authentic outreach to their communities, and
cited multiple failures and missed opportunities for in-depth communication.”*® Until now,
MVP’s notice to the potentially affected community has been far from sufficient. As the
permitting process continues, and throughout all future phases of the process, DEQ must ensure
that community members have adequate notice of the relevant informational briefings, comment
periods, and public hearings.*

B. MVP and DEQ have failed to adequately describe the character of the local
population.

The Fourth Circuit has emphasized that DEQ and the Board could not meet their statutory
duty to consider environmental justice in weighing a proposed permit where they “failed to make
any findings regarding the character of the local population.”? The Fourth Circuit vacated the air

21d. at 4.
B 1d. at 53.
4.

d. at 4.
1%1d. at 40.

17 pittsylvania NAACP Asks DEQ to Refer MVP Air Permit to Air Pollution Control Board,
Chatham Star-Tribune, Mar. 8, 2021, https://bit.ly/3bvQDnR (Exhibit 1); Transcript of Lambert
Compressor Station Public Hearing at 15:7-10 (Feb. 8, 2021), https://bit.ly/3bvRZ1W (testimony
of Pittsylvania County NAACP president Anita Royston).

18 Updated Community Impact Assessment at 44.

9 DEQ, Draft Engineering Analysis, MVP Southgate Project — Lambert Compressor Station 19
(“Draft Engineering Analysis™).

2 Friends of Buckingham, 947 F.3d at 86.
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permit DEQ issued to the Buckingham Compressor Station due, in part, to DEQ and the Board’s
“fail[ure] to make any findings regarding the demographics of Union Hill that would have
allowed for a meaningful assessment of the likelihood of disproportionate harm.”?* Because
MVP’s environmental justice review, approved by DEQ, similarly fails to describe the character
of the local population sufficiently to allow for a meaningful assessment of disproportionate
harm, it cannot support the issuance of the proposed permit.

First, to determine whether any environmental justice communities existed in the area
around the compressor station, MVP “looked to the latest census block group data.”? Within this
1-mile radius, MVP utilized the U.S. Environmental Protection Agency’s (“EPA’s”) EJSCREEN
tool to show that the minority population is 22%, thus not meeting the criteria of a “community
of color” under the VEJA.?® While one of the census block groups in proximity to the
compressor station does “qualif[y] as a community of color,” MVP downplayed this finding by
stating that the 1-mile study area “contains one very small part of a census block group that
qualifies as a community of color under VEJA.”?* DEQ seemed to accept MV/P’s claim that “no
environmental justice community bears a disproportionate share” of impacts from the proposed
Station.?> However, the results of this EJSCREEN analysis by MVP are at odds with the Updated
Community Impact Assessment of Lambert Compressor Station prepared for MVP by Land
& Heritage Consulting, LLC. This updated impact assessment shows that within a 3-mile radius
of the proposed compressor station, there were “four communities that meet the ‘environmental
justice community” parameters as defined in the Virginia Environmental Justice Act.”?®

While EJSCREEN can be a helpful “pre-decisional screening tool,” EPA instructs that,
due to its exclusive reliance on census data, EJISCREEN is not to be used “[a]s a means to
identify or label an area as an ‘EJ community’” or “[a]s a basis for agency decision-making or
making a determination regarding the existence or absence of EJ concerns.”’ As EPA has
cautioned, “[t]he fact that census data can only be disaggregated to certain prescribed levels (e.qg.,
census tracts, census blocks) suggests that pockets of minority or low-income communities,
including those that may be experiencing disproportionately high and adverse effects, may be

2L d. at 87.

22 Mountain Valley Pipeline, LLC, Supplemental Information on Environmental Justice:
Supplement to Application for Article 6 Air Permit for the Lambert Compressor Station - MVP
Southgate Project 9 (Sept. 2020) (“Supplemental Information on Environmental Justice”).

21d. at 10.

#1d. at 12.

% Draft Engineering Analysis at 16.

26 Updated Community Impact Assessment at 1.

2T EPA, How Does EPA Use EJSCREEN?, https://bit.ly/3ds3cAm (last visited Apr. 2, 2021)
(Exhibit 2).
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missed in a traditional census tract-based analysis.”?® Even MVP acknowledges that “census data
is only a starting point to ‘flag’ potential environmental justice communities” and that “local site
visits and/or calls should be conducted to identify localized pockets of minority or low-income
persons overlooked by census data.”? Yet, as discussed in Section I.A, above, MVP’s consultant
made only a single site visit and interviewed only a small number of community members.

Second, Friends of Buckingham made clear that where there is “conflicting evidence
about whether and how [a certain community] [is] a “minority’ environmental justice
population,” it is DEQ and the Board’s responsibility to resolve this conflict.*® Here, MVP’s
EJSCREEN-based environmental justice analysis is at odds with the findings of its own
consultant, which identified four environmental justice communities in close proximity to the
proposed compressor station. DEQ has an obligation to address this conflict.

Third, in its revised application, MVP claimed that it “communicated with local leaders
to determine whether any ‘localized pockets’ of minority persons have been overlooked by
census data.”*! These “communications” led MV/P to conclude that “the African-American
population present within the 1-mile study area is less than reflected in the census block groups
as a whole, possibly as low as five to seven percent, and no distinct geographic areas within that
area contain localized pockets of African-Americans or other populations.”*? MVP went on to
claim—again, based on “communicat[ions] with local leaders”—that the 1-mile radius around
the proposed compressor station site “contains one of the more affluent pockets within the
affected census blocks.”® Yet MVP did not attribute this information to any particular
individuals, nor did it offer any data to support them. DEQ should require MVP to substantiate
these purported findings by identifying their sources and providing supporting data.

Fourth, MVP’s use of a 1-mile radius around the proposed compressor station as the
outer geographic limit of its environmental justice analysis was unduly limited. MVVP maintained
that it selected the 1-mile radius “because it encompasses the population most likely to be
impacted, if at all, by this minor source of air emissions.”** Additionally, MVP claimed that
“[a]ir modeling confirms that use of a 1-mile radius is reasonable and appropriate.”® Yet MVP’s
use of a 1-mile radius is at odds with the methodology of MVP’s own consultant, who utilized

8 EPA, Final Guidance for Incorporating Environmental Justice Concerns in EPA’s NEPA
Compliance Analyses § 2.1.1 (1998), https://bit.ly/3r7w7zj (“NEPA EJ Guidance”).

2% Supplemental Information on Environmental Justice at 5 (quoting VDOT, Environmental
Justice Guidelines 7, https://bit.ly/39tvfOo0).

% Friends of Buckingham, 947 F.3d at 87-88.
81 Supplemental Information on Environmental Justice at 12.
32
Id.
% 1d. at 13.
%1d. at 9.
% 4.
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3-mile, 5-mile, and 10-mile radii.*® Dr. Lawrence acknowledged that the VEJA requires a focus
on “fenceline communities” and used the term in her report as “referring to communities within a
3-mile radius of the station, consistent with definitions found in the environmental justice
literature.”®

MVP’s arbitrary 1-mile radius is also inconsistent with technical guidance promulgated
by EPA, which provides that when mapping the location of polluting sources, “[a]nalysts must
decide what distance from the facility most accurately reflects the community’s exposure to a
stressor; no single specific distance is appropriate for all analyses.”*® Furthermore, EPA has
noted that “proximity-based analyses may also vary with different geographic units of analysis,”
and for this reason analysts “should explore alternative geographic units or distances when
defining proximity to a source, and describe the choices and assumptions that are used in
selecting particular buffers.”** Here, MVP has not “explore[d] alternative geographic units” or
adequately described the choices and assumptions that led it to use a 1-mile radius. If MVVP’s
assertion that a 1-mile radius is appropriate “because it encompasses the population most likely
to be impacted, if at all, by this minor source of air emissions,” it begs the question why MVP’s
own consultant utilized significantly larger radii for her environmental justice review. Moreover,
MVP’s claim that “[a]ir modeling confirms that use of a 1-mile radius is reasonable and
appropriate” is as circular as it is conclusory, and is not adequately explained. DEQ should
require MVP to justify its use of a 1-mile radius and explain why it is more appropriate than the
3-, 5-, and 10-mile radii used by its own consultant.

Finally, MVP has not adequately considered the impact of the proposed compressor
station on Freedmen descendants associated with the Blairs community. In her updated impact
assessment, MVP’s consultant noted “the presence of an extensive and continuous, yet dispersed,
African-American community composed of Freedman descendants [the Blairs] ... located
approximately 14 miles from the proposed Station site.”*® The consultant met with a single
member of the Blairs, reporting that she was “unable to interview any other members of that
community for this report, either during our initial phase of outreach or during later outreach
conducted in November 2020.”*" Consistent with the recommendation of MVP’s consultant,

% Updated Community Impact Assessment at 5.

%7 Land & Heritage Consulting, LLC, Community Impact Assessment of Lambert Compressor
Station at 3—4 (Sept. 2020); see also Updated Community Impact Assessment at 2 (referring to
“the immediate 3-mile “fenceline community’ radius reflected in currently published literature”
and citing Envtl. Just. Health All. for Chem. Pol’y Reform et al., Life at the Fenceline:
Understanding Cumulative Health Hazards in Environmental Justice Communities (2018),
https://bit.ly/3sE6BT3 (Exhibit 3)).

% EPA, Technical Guidance for Assessing Environmental Justice in Regulatory Analysis 50
(June 2016), https://bit.ly/3fryDNK (emphasis added).

3.
0.
4.
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DEQ should require MVP to continue “targeted outreach to that community so that the specific
and unique needs and concerns of its members are explicitly understood.”*

C. MVP and DEQ have neglected to consider the potential for disproportionate
adverse impacts on the affected community.

The failure of MVP and DEQ to conduct an adequate study of the population potentially
affected by the Lambert Compressor Station has prevented them from satisfying the other
primary requirement of an environmental justice analysis clearly articulated in Friends of
Buckingham: considering the potential for disproportionate adverse impacts on a community of
color or low-income community most affected by the proposed compressor station.”® In Friends
of Buckingham, the Fourth Circuit faulted the Board for its “fail[ure] to make any findings
regarding the demographics of Union Hill that would have allowed for a meaningful assessment
of the likelihood of disproportionate harm.”** Here, as set forth in Sections I.A and 1.B, above,
MVP’s outreach was inadequate and its findings about the character of the local population were
insufficient to support a meaningful assessment of disproportionate harm.

But the deficiencies in MVP’s consideration of disproportionate impacts, adopted by
DEQ, go beyond the failure to adequately describe the character of the local population. MVP
also claimed that no environmental justice community would bear disproportionate adverse
health impacts “because no community will face any appreciable health risk as result of facility’s
emissions, notwithstanding any particular sensitivities or vulnerabilities in the EJ community.”*
MVP based this conclusion largely on the argument—rejected by the Fourth Circuit in Friends of
Buckingham—that “compliance with the [National Ambient Air Quality Standards (“NAAQS™)]
demonstrates no negative impacts on environmental justice communities.”*® Because the
Lambert Compressor Station would not cause or contribute to an exceedance of the NAAQS,
MVP maintained, there could be no disproportionate health impacts on communities of color or
low-income communities in the vicinity of the station. And DEQ accepted this claim, noting that
MVP’s review “provides an evaluation of impacts from the proposed Station, and concludes that
no environmental justice community bears a disproportionate share of any such impacts.”*’

But it was precisely this line of reasoning that the Fourth Circuit dismissed in Friends of
Buckingham. There, DEQ had expressed the view that “if ... all the health based standards are
being complied with, then there really is no disproportionate impact, because everyone is being

“1d.

*3 See Friends of Buckingham, 947 F.3d at 91-92.

“1d. at 87.

%> Supplemental Information on Environmental Justice at 14.
“1d. at 17.

*" Draft Engineering Analysis at 16.
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subjected to the same air pollution but well below health-based standards.”*® The Fourth Circuit
squarely rejected this view, which the Board had adopted in approving the permit for the
Buckingham Compressor Station:

Even if all pollutants within the county remain below state and national air quality
standards, the Board failed to grapple with the likelihood that those living closest
to the Compressor Station—an overwhelmingly minority population according to
the Friends of Buckingham Survey—uwill be affected more than those living in
other parts of the same county. ... [T]he Board’s failure to consider the
disproportionate impact on those closest to the Compressor Station resulted in a
flawed analysis.*

The Fourth Circuit had good reason to dismiss the notion that mere compliance with
NAAQS means no disproportionate adverse health risks. Whether a facility would allow an area
to comply with air quality standards is distinct from whether it would have a disproportionately
high and adverse effect on environmental justice populations.>® Otherwise, consideration of
disproportionate harm would be required only for facilities that would contribute to a violation of
air quality standards—and thus could not lawfully be built.

Such an approach would also ignore the fact that ozone—which results from the
interaction of nitrogen oxides (“NOx”) and other atmospheric compounds—and fine particulate
matter (“PM,s”) cause adverse health effects even at levels below NAAQS.** Exposure to PMys
increases the risk of asthma, heart attacks, and death—even at levels that do not exceed
NAAQS.> These health effects are of particular concern given that African American
populations have a greater prevalence of asthma, lung cancer, and other health issues
exacerbated by the pollutants that would be emitted from the Lambert Compressor Station.

*® Friends of Buckingham, 947 F.3d at 91 (quoting DEQ’s testimony at November 9, 2018 Board
meeting).

491d. at 91-92.

% NEPA EJ Guidance § 3.2.2 (explaining that even harms that are not “significant” in the NEPA
context may disproportionately or severely harm environmental justice communities).

*! See Friends of Buckingham, 947 F.3d at 92 (“any amount of PM2.5 in the system is harmful”);
Am. Trucking Ass’ns v. EPA, 283 F.3d 355, 360 (D.C. Cir. 2002) (recognizing the “lack of a
threshold concentration below which [particulate matter is] known to be harmless”); NAAQS for
Particulate Matter, 78 Fed. Reg. 3086, 3098 (Jan. 15, 2013) (recognizing that there is “no
population threshold, below which it can be concluded with confidence that PM, s-related effects
do not occur.”).

>2 Friends of Buckingham, 947 F.3d at 92.
>3 See id. at 88.
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Accordingly, it was improper for MVP and DEQ to find no disproportionate impact
merely on the basis that NAAQS were met. As the Fourth Circuit held in Friends of
Buckingham, “blindly relying on ambient air standards is not a sufficiently searching analysis of
air quality standards for an EJ community.”* MVP and DEQ must do more.

In addition, MVP asserts that the communities in the vicinity of the proposed Lambert
Compressor Station “are ... not overburdened by other sources of pollution.” Yet MVP
acknowledges that the area within a 1-mile radius of the site is already above the state average
for exposure to PMy;,> even before the addition of a compressor station that would emit over 10
tons per year of PMy5.>" As a result, MVP has not substantiated its claim that the Lambert
Compressor Station “will cause no cumulative overburdening effect in combination with other
sources of pollution.”® For an area already facing a disproportionately high exposure to PM, as
compared to the rest of the state, the potential for the station to exacerbate that disproportionate
impact should have been assessed in MVP and DEQ’s analysis.

1. DEQ’s Site Suitability Analysis Fails to Consider Either the Reasonableness or the
Social and Economic Costs of Operating a Substantial New Source of Greenhouse
Gas Emissions.

Under Va. Code § 10.1-1307(E), before approving an air permit such as the proposed
permit for the Lambert Compressor Station, the Board (and, by extension, DEQ) “shall consider
facts and circumstances relevant to the reasonableness of the activity involved ... including: ...
(2) The social and economic value of the activity involved.”™® According to MVP’s application,
even with controls, operation of the Lambert Compressor Station would generate 125,377 tons
per year carbon dioxide equivalent (“CO-e”), through emissions of carbon dioxide, methane, and
nitrous oxide.”

With the passage of the Virginia Clean Economy Act, Virginia has committed to reduce
carbon dioxide emissions from the power sector by 30% by 2030 and to eliminate carbon
emissions from the power sector by 2050.°* Authorizing a facility that amounts to a major new
source of greenhouse gas emissions on a permanent basis would effectively negate a substantial
portion of Virginia’s planned reductions in greenhouse gas emissions. This goes directly to the
“reasonableness of the activity involved.” In the face of the significant steps Virginia is

> 1d. at 93.

> Supplemental Information on Environmental Justice at 27.
% Seeid. at 27, 28 thl. 7.

> June 2020 Permit Application at 17 tbl. 3-3.

%8 Supplemental Information on Environmental Justice at 14.
> Va. Code § 10.1-1307(E).

% june 2020 Permit Application at 17 tbl. 3-3.

612020 Va. Acts chs. 1193, 1194, https://bit.ly/3fDNPgX.
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otherwise taking to reduce greenhouse gas emissions, operating a major new source of such
emissions would be an unreasonable activity—particularly if there is a question as to whether the
MVP Southgate project would provide any countervailing energy benefits.

Further, the social cost of carbon—the costs of long-term climate harm from greenhouse
gas emissions—has been well-documented, even if the precise values have been subject to
debate.®? The fact that the greenhouse gas emissions from the Lambert Compressor Station can
be estimated to cost millions of dollars per year in climate-related damages should be highly
relevant to DEQ and the Board’s evaluation of the “social and economic value of the activity
involved.”

There is no indication in the permitting record that DEQ considered the Lambert
Compressor Station’s expected greenhouse gas emissions, their reasonableness, or their social
and economic costs in its evaluation of site suitability. DEQ must revisit its site suitability
analysis in light of these considerations.

I11.  MVP and DEQ have not demonstrated compliance with applicable air permitting
requirements for the Lambert Compressor Station.®

A. MVP and DEQ have failed to demonstrate that the Lambert Compressor
Station would not prevent or interfere with the 1-hour National Ambient Air
Quality Standard for nitrogen dioxide.

Under 9 VAC 5-80-1180, to obtain a minor new source permit, a facility “shall be
designed, built and equipped to operate without preventing or interfering with the attainment or
maintenance of any applicable ambient air quality standard and without causing or exacerbating
a violation of any applicable ambient air quality standard.”® The Lambert Compressor Station is
proposed to be located within 4,000 feet of two other compressor stations operating with
compressors powered by natural gas-fired turbines, Transcontinental Gas Pipeline Company
(“Transco™) Stations 165 and 166.°° It appears that compliance with the 1-hour nitrogen dioxide
(“NO2”) NAAQS is a concern for the Transco stations’ operations, because in a recent permit for
installation of new gas-fired compressor turbines at Transco Station 165,%° DEQ required

%2 See, e.g., Interagency Working Grp. on Soc. Cost of Greenhouse Gases, U.S. Gov’t, Technical
Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact
Analysis Under Executive Order 12866 (Aug. 2016), https://bit.ly/3rLnlX8.

% The technical comments contained in Section 111 were prepared with the assistance of air
quality expert Vicki Stamper. Ms. Stamper’s curriculum vitae is attached as Exhibit 4.

%9 VAC 5-80-1180.
® See Draft Engineering Analysis at 2; June 2020 Permit Application at 5.

% DEQ, Stationary Source Permit to Construct and Operate: Transcontinental Gas Pipe Line
Company LLC — Natural Gas Compressor Station 165, Condition 49 (Jan. 28, 2020) (“2020
Transco Station 165 Permit”) (Exhibit 5).
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Transco to install and operate an NO, ambient monitor to “ensure continuing compliance with
the 1-hour NO, NAAQS.”®’

Before issuing a permit for a new source of NOXx in the area, it is DEQ’s obligation to
ensure that the new facility will not interfere with attainment or maintenance of the NAAQS. The
1-hour NO, modeling assessment for the January 2020 Transco permit predicted 1-hour NO,
concentrations of 178.3 micrograms per cubic meter (“pg/m*”),%® which is 95% of the 188 pg/m?®
NO,; NAAQS. Thus, the Lambert Compressor Station’s proposed addition of NOx pollution to
the area must be carefully evaluated to ensure that it would not cause or contribute to a violation
of the 1-hour NO, NAAQS. As set forth below, based on our review of the permitting record,
MVP’s modeling analysis does not provide this assurance.

1. MVP has not justified the use of variable background NO, monitoring
data in its 1-hour NO, NAAQS modeling.

The 1-hour NO, NAAQS modeling in MVP’s initial permit application relied on
background data from the nearest NO, monitoring site, located in Roanoke County, Virginia,
about 69.8 kilometers (43 miles) from the proposed Lambert Compressor Station site.*® The
background 1-hour NO, concentration at the Roanoke County monitoring site was 33.3 pg/m®.”

In its June 2020 1-hour NO, NAAQS modeling, however, MVP relied not on the
Roanoke County background NO, modeling data but on background data from a monitoring site
in the area of Winston-Salem, North Carolina, 111.8 kilometers (69 miles) from the proposed
site. MVP maintained that data from the more distant Winston-Salem monitor was
“conservatively representative and appropriate” because the Winston-Salem area had more than
double the NOx emissions and a much higher population than Pittsylvania County,”* and
identified the background 1-hour NO, concentration of the Winston-Salem monitoring site as
68 pg/m®.”? But MVP did not actually use the 68 pg/m® background 1-hour NO, concentration
from Winston-Salem in its 1-hour NO, modeling. Instead, MVP used a variable NO, background

%7 Memorandum from Office of Air Quality Assessments, DEQ, to Paul Jenkins, DEQ, 3 (July 9,
2020) (included as Attachment 2 to Draft Engineering Analysis) (“Air Quality Analysis”).

% DEQ, Engineering Analysis, Transcontinental Gas Pipeline Company, LLC (Station 165) at 13
(Jan. 28, 2020) (*“2020 Transco Station 165 Engineering Analysis”) (Exhibit 6).

% See TRC Envtl. Corp., Air Quality Modeling Protocol for Article 6 Air Permit Application —
Mountain Valley Pipeline, LLC, Lambert Compressor Station, Southgate Project 3-2 (Oct. 2018)
3-2 thl. 3-1.

4.

" AECOM, Air Quality Dispersion Modeling Report — MVP Southgate Project: Lambert
Compressor Station, Pittsylvania County, Virginia at 3-6 (June 2020) (included as App. G to
June 2020 Permit Application) (“June 2020 Modeling Report”).

21d. at 3-5 thl. 3-5.
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concentration from Winston-Salem that varied by season and by hour of day, based on taking the
98™ percentile 1-hour monitor values from Winston-Salem averaged over three years by season
and hour.”

In using variable background data, MVP relied on a 2011 EPA NO, modeling guidance.”
EPA’s guidance observes that “[m]any of the challenges and more controversial issues related to
cumulative impact assessments arise in the context of how best to combine a monitored and
modeled contribution to account for background concentrations.”” In particular, the guidance
cautions that “the question of how to appropriately combine monitored and modeled
concentrations (temporally and spatially) to determine the cumulative impact depends on a clear
understanding of what the ambient monitored data represents in relation to the modeled
emissions inventory.”’® In contravention of this guidance, neither MVP nor DEQ has shown how
the monitored Winston-Salem background concentrations used in the modeling relate to the
modeled emissions from the Lambert Compressor Station. This failure is most apparent in
MVP’s use of variable background monitoring data.

When combining modeled concentrations with monitored background concentrations to
determine the cumulative ambient impact, EPA’s recommended “first tier” approach is to “add
the overall highest hourly background NO, concentration (across the most recent three years)
from a representative monitor.””” According to EPA, refinements to the first-tier approach “may
be considered on a case-by-case basis with adequate justification and documentation.”’
Notably, however, EPA’s NO, modeling guidance expressly “do[es] not recommend” the use of
background concentrations that vary by season and by hour of day, “except in rare cases of
relatively isolated sources where the available monitor can be shown to be representative of the
ambient concentration levels in the areas of maximum impact from the proposed new source.”"
MVP has not adequately justified or documented that the Winston-Salem NO, monitor is
representative of the ambient concentrations in the areas of expected maximum impact from the
proposed Lambert Compressor Station.

The Winston-Salem background data reflects a county with a population of 379,099;%°
according to 2019 U.S. Census Bureau estimates, the Winston-Salem metropolitan area alone has

B 1d. at 3-6 to 3-7.

™ 1d. at 3-1 (citing Memorandum from Tyler Fox, EPA, to Regional Air Division Directors at
18-21 (Mar. 1, 2011), https://bit.ly/2PmziFA (“Appendix W Clarification Memo”)).

> Appendix W Clarification Memo at 13.

®1d. at 14.

1d. at 17.

"8 |d. (emphasis added).

1d. at 21.

8 june 2020 Modeling Report at 3-6 (citing July 1, 2018 U.S. Census Bureau data).
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a population of 247,945 2 Pittsylvania County, in contrast, has a population of only 60,949.%
Further, the Winston-Salem NO; concentrations are undoubtedly influenced by mobile source
traffic, which tends to peak at certain hours of the day due to commuting traffic. MVP has not
provided any analysis to demonstrate that similar emissions profiles are likely to occur in the
proposed location of the Lambert Compressor Station. Indeed, it is unlikely that the background
NO; concentrations around the Lambert Compressor Station would vary by hour to the same
degree as they would in a metropolitan area with busy periods of commuting traffic (and
accompanying spikes in NOx emissions) at certain hours of the day. In the absence of adequate
justification, MVP should have used a more conservative background concentration: “the overall
highest hourly background NO, concentration (across the most recent three years)” from the
Winston-Salem monitor.®

EPA’s NO, modeling guidance also provides that the use of background concentrations
that vary on an hour-by-hour basis could be justified

where the modeled emission inventory clearly represents the majority of
emissions that could potentially contribute to the cumulative impact assessment
and where inclusion of the monitored background concentration is intended to
conservatively represent the potential contribution from minor sources and natural
or regional background levels not reflected in the modeled inventory. In this case,
the key aspect which may justify the hour-by-hour pairing of modeled and
monitored values is a demonstration of the overall conservatism of the cumulative
assessment based on the combination of modeled and monitored impacts. Except
in rare cases of relatively isolated sources, a single ambient monitor, or even a
few monitors, will not be adequately representative of hourly concentrations
across the modeled domain to preclude the need to include emissions from nearby
background sources in the modeled inventory.>*

But MVP’s overall assessment was not “conservative.” Table 1, below, reproduces the hourly
background data used in MVP’s modeling.

81 U.S. Census Bureau, QuickFacts: Winston-Salem city, North Carolina, https://bit.ly/3cKF7FB
(last visited Apr. 2, 2021) (Exhibit 7).

82 June 2020 Modeling Report at 3-6 (citing July 1, 2018 U.S. Census Bureau data).
8 see Appendix W Clarification Memo at 17.

8 1d. at 21 (emphasis added); see also id. at 12 (“The goal of the cumulative impact assessment
should be to demonstrate with an adequate degree of confidence in the result that the proposed
new or modified emissions will not cause or significantly contribute to violations of the NAAQS.
In general, the more conservative the assumptions on which the cumulative analysis is based, the
more confidence there will be that the goal has been achieved and the less controversial the
review process will be from the perspective of the reviewing authority. As less conservative
assumptions are implemented in the analysis, the more scrutiny those assumptions may require
and the review process may tend to be lengthier and more controversial as a result.”).
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Table 1. MVP’s 1-hour NO; Variable Season and Hour of Day Background Monitor

Values (ug/m®) (Source: June 2020 Modeling Report at 3-7 thl. 3-8)

Hour of Season
Day Winter | Spring | Summer Fall
1 52.64 33.59 29.01 44.93
2 56.9 37.41 33.78 44.68
3 54.9 32.65 29.33 43.05
4 52.51 35.59 25.69 38.98
5 51.14 41.23 27.89 39.54
6 52.26 48.88 29.2 42.24
7 55.96 45.75 27.95 46.5
8 57.4 47.31 26.63 44.49
9 52.08 31.9 27.7 39.54
10 46.81 24.5 18.3 35.47
11 43.55 17.42 12.35 23.37
12 32.34 14.16 9.84 15.1
13 24.5 12.22 8.33 16.54
14 22.81 11.15 7.77 15.92
15 25.63 12.41 7.9 15.48
16 29.2 13.91 12.85 21.81
17 29.08 13.91 12.85 30.77
18 41.49 18.67 14.1 44.56
19 62.67 24.38 16.04 62.54
20 60.91 38.92 23 66.93
21 57.53 42.3 29.27 60.79
22 61.41 36.72 32.34 55.21
23 55.15 38.1 32.77 50.82
24 54.71 344 31.77 49.01

As set forth in this table, the hourly background values used in MVVP’s 1-hour NO;
modeling ranged from 7.77 pg/m? to 66.93 pg/m?, with every value falling below MVP’s
claimed “conservative” background concentration of 68 pg/m®. Indeed, the median hourly
background NO, concentration used was 33.18 pg/m°.
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Further, the proposed Lambert Compressor Station would not be a “relatively isolated
source[].” MVP’s June 2020 modeling report identified 15 NOx sources over 5 counties and 2
cities that MVP included in its cumulative modeling.® Transco operates two compressor stations
(Stations 165 and 166) located approximately 4,000 feet from the proposed Lambert Compressor
Station. Transco Station 165 previously had gas-fired reciprocating internal combustion engines
powering compressors but has since replaced them with two gas-fired combustion turbine-
powered compressors. Transco Station 166 includes four gas-fired combustion turbine-powered
compressors.® Despite the number of sources included in the 1-hour NO, modeling, it is not
clear that the Lambert Compressor Station modeling incorporated “the majority of emissions that
could potentially contribute to the cumulative impact assessment.”®’ In January 2020, Transco
obtained a permit to make changes to Transco Station 165.2% The permit allowed the construction
of two new gas-fired compressor turbines.®® According to DEQ’s Engineering Analysis for this

permit, the 1-hour NO, modeling analysis showed a total modeled concentration of 178.3

ug/me.%

What is not clear is whether the cumulative 1-hour NO, modeling conducted for the
Lambert Compressor Station included worst-case emissions from the compressor turbines at both
Stations 165 and 166. For the two new turbines at Transco Station 165, Transco’s application
identified 150 startups and 150 shutdowns per turbine per year—events during which less
stringent emission limits for NOx and other pollutants apply.” On average, that is nearly one
startup or shutdown for every day of the year by each of the two new turbines at Transco Station
165. In addition, because startups and shutdowns from the four compressor turbines at Station
166 could also potentially affect hourly NO, concentrations, those startup and shutdown
emissions should have been modeled. According to an August 2015 permit for Transco Station
166, Turbines 1 and 2 are allowed a total of 300 startup and shutdown events per year, and
Turbines 3 and 4 are also allowed 300 startups and shutdowns per year.”? And the draft permit
for the Lambert Compressor Station would allow 17.32 hours per turbine per year for startups

8 June 2020 Modeling Report at 3-11.

8 See 2020 Transco Station 165 Permit at 2; see also Memorandum from Allen Armistead,
DEQ, to Air Permit File 1 (Aug. 20, 2015) (2015 Transco Station 166 Engineering Analysis”)
(Exhibit 8).

8 See Appendix W Clarification Memo at 21.

88 2020 Transco Station 165 Permit.

892020 Transco Station 165 Engineering Analysis at 2.
%1d. at 13.

*L1d. at 11.

%2 DEQ, Stationary Source Permit to Modify and Operate: Transcontinental Gas Pipe Line Co.,
LLC — Compressor Station 166, Conditions 4, 5 (Aug. 24, 2015) (“2015 Transco Station 166
Permit”) (Exhibit 9).
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and 17.32 hours per turbine per year for shutdowns,*® which, assuming 10-minute startup and
shutdown durations, equates to approximately 104 startups and 104 shutdowns per year per
turbine. On average, this represents a startup or shutdown every day and a half for each of the
Lambert Compressor Station turbines.

Although it may seem unlikely for all six Transco turbines and the two planned Lambert
Compressor Station turbines to be in startup or shutdown mode simultaneously, the existing
Transco permits and draft Lambert Compressor Station permit all allow frequent startups and
shutdowns of the compressor turbines. Given the high number of startups and shutdowns that
both Transco and MVP have requested for their compressor stations, in characterizing the
potential contribution to hourly NO, concentrations it is imperative that all of these compressor
turbines be modeled assuming the potential hourly NOx emissions from each turbine in startup
or shutdown mode.

Relatedly, all of the compressor turbines at the proposed Lambert Compressor Station
and at Transco Stations 165 and 166 are Solar turbines equipped with SOLoNOXx combustion
controls that do not effectively reduce NOx emissions when temperatures are under 0°F.* The
permit for Transco Station 165 does not require operation of SOLONOXx when ambient
temperatures are below 0°F and neither does the draft permit for the proposed Lambert
Compressor Station.* MVP represents that temperatures below 0°F are projected to occur for
only five hours per year;” when such low temperatures do occur, however, it will significantly
increase the NOx emissions from all of these compressor turbines equipped with SOLONOx—
turbines that are located in close proximity to each other.”” Failing to consider an event likely to
occur on at least one day per year fails to reflect the potential cumulative impact on 1-hour
ambient NO, concentrations of all of these compressor turbines.

The draft permit for the Lambert Compressor Station allows NOx emissions of 14.42 to
21.28 pounds of NOx per hour for its two compressor turbines during periods of subzero
temperatures—emission rates that are 16 times higher than the NOx emission limits applicable

% DEQ, Draft Stationary Source Permit to Construct and Operate: Mountain Valley Pipeline,
LLC — Lambert Compressor Station, Condition 4.g (Dec. 16, 2020) (“Draft Permit”).

% See 2020 Transco Station 165 Engineering Analysis at 2—-3; 2015 Transco Station 166
Engineering Analysis at 1,3 (indicating that Station 166 uses Solar Taurus 70 compressor turbine
with SOLoNOX); Leslie Witherspoon, Solar Turbines Incorporated, SOLoNOx Products:
Emissions in Non-SoLoNOx Modes, PIL 167, at 2 (Dec. 1, 2016) (Exhibit 10) (cited in June
2020 Permit Application App. B tbls. B-3 (Solar Mars 100), B-5 (Solar Taurus 70)).

% See 2020 Transco Station 165 Permit, Condition 29 (establishing NOXx limit for “Low Temp
Mode (<0 °F)”); Draft Permit, Conditions 4.h, 20-24 (Conditions 22 and 23 establishing NOx
limits for “Low Temp Mode (<0 °F)”).

% june 2020 Modeling Report at 2-2, 3-8.

%" Given the proximity of Transco Stations 165 and 166 to the proposed Lambert Compressor
Station, it is likely that ambient temperatures would be the same for all of these facilities.
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during normal operation and 7 to 10 times higher than the blended startup/shutdown/100% load
NOX rates MVP modeled for the Lambert Compressor Station units.”® Similarly, the NOx
emission limits for the two new compressor turbines at Transco Station 165 allow the units to
emit almost five times as much during subzero temperatures as during normal operation.” Yet
MVP did not consider emissions scenarios existing at subzero temperatures in its modeling.'®
Given the proximity of these facilities and the fact that modeling of much lower NOx emission
rates for these units showed 1-hour NO; concentrations of 95% of the 1-hour NO, NAAQS, just
five hours per year of emissions at these levels due to subzero temperatures could have
significant impacts on 1-hour NO, concentrations. DEQ must thus require MVP to address
emissions from these nearly co-located units during periods of subzero temperatures in assessing
whether the Lambert Compressor Station will cause or contribute to a violation of the 1-hour
NO; NAAQS.

In addition, with respect to other emissions sources included in MVP’s modeling, it is
unclear whether the modeling reflects “the majority of emissions that could potentially contribute
to the cumulative impact assessment”*%* because MVP has neither identified the emission units
and emission rates modeled for each of these facilities nor indicated whether actual or allowable
emissions were modeled. MVP refers to the modeling files for the “complete set of modeled
inputs,”*%% but making such data available only in computer model files does not help the public
verify that sources were properly modeled. Further, DEQ has not posted the modeling files to its
website containing documents regarding the draft permit for the Lambert Compressor Station.'%
DEQ should require MVP to disclose the emission rates modeled for each source (including
which emission units were modeled) and the basis for the emissions that were modeled. The
public should have the opportunity to review that data, to ensure that the modeling properly
included all sources that would contribute to the NO, concentrations in the area impacted by the
proposed Lambert Compressor Station.

All of this information is necessary to justify the use of background NO, monitoring data
that varies by hour of day and season, in accordance with EPA’s 2011 guidance. Because the
Lambert Compressor Station would not be an “isolated facility,” DEQ must ensure that MVP has
modeled all emissions that could potentially contribute to cumulative impacts on the 1-hour NO,
NAAQS to justify using variable background monitoring data. Based on the permit record’s lack

% Draft Permit, Conditions 20-23; see also June 2020 Modeling Report App. B tbl. B-5.
%2020 Transco Station 165 Permit Conditions 27, 29.

199 5yne 2020 Modeling Report at 3-8 (“the below 0° F case for the turbines was not considered
in the 1-hour NO2 NAAQS modeling analysis.”).

101 Appendix W Clarification Memo at 21.
192 june 2020 Modeling Report at 3-11.

103 see DEQ, Air Public Notices, https://www.deq.virginia.gov/permits-regulations/public-
notices/air (last visited Apr. 2, 2021).
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of information sufficient to verify the adequacy of MVP’s modeling, MVP has not met its burden
to justify its reliance on variable background monitoring data.

2. DEQ must disclose the cumulative emission inventory modeled by
MVP to determine whether the Lambert Compressor Station will
cause or contribute to a violation of the 1-hour NO, NAAQS.

DEQ must ensure that the Lambert Compressor Station will not prevent or interfere with
attainment or maintenance of the NAAQS. However, as discussed in Section I11.A.1, above, it is
not clear that MVP has adequately modeled worst-case allowable NOx emissions from the
proposed facility along with other sources in the area that could contribute to 1-hour NO,
concentrations. A separate, but related, problem is that MVP has not provided in any of the
application materials available on DEQ’s public website for the proposed permit an identification
of the emission units modeled for the other sources assessed in the cumulative analysis, the NOx
emission rates modeled for those emission units, or the source for those emission rates—i.e.,
whether the source is permitted allowable emissions or some other basis for assumptions about
short-term NOx emission rates.'%*

For Transco Station 165, DEQ recently issued a permit for the construction of two new
compressor turbines. The 1-hour NO, modeling for that permit predicted cumulative 1-hour NO,
concentrations of 178.3 pg/m®, which is 95% of the level of the 1-hour NO, NAAQS. DEQ
subsequently required Transco to install and operate an ambient air monitoring network for NO,
that is to also include meteorological monitoring.'® This ambient air monitoring was required to
begin operating beginning with the startup of either of the new combustion turbines.**

The fact that DEQ required Transco to install and operate an NO, monitoring network as
part of its January 2020 permit for the new compressor turbines at Transco Station 165 would
seem to indicate that DEQ was concerned with the area’s ability to comply with the 1-hour NO,
NAAQS—even before the addition of the proposed Lambert Compressor Station. Indeed, DEQ’s
July 9, 2020 Air Quality Analysis states that DEQ required Transco to install an NO, ambient
monitor “to ensure continuing compliance with the 1-hour NO; NAAQS.”*%" DEQ claims that
the Lambert Compressor Station would only have a “relatively small impact” on the maximum
modeled 1-hour NO, concentrations, referring to a table showing the proposed facility
contributing 1.04 pg/m® to a total concentration of 178.8 ug/m?*."® But DEQ either has not
determined or has not explained whether this modeled concentration reflects the Lambert
Compressor Station’s projected startup or shutdown emission rates. Further, DEQ must disclose
the significance of MVP’s “voluntary” planned installation of selective catalytic reduction

104 See id.

1052020 Transco Station 165 Permit, Condition 49.
106 Id

197 Air Quality Analysis at 2-3.

108 Id
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(“SCR”) at the compressor turbines to meet a NOx emission limit of 2.7 parts per million
(“ppm”). It seems likely that these controls and the proposed NOx emission limit are intended to
ensure that the proposed Lambert Compressor Station does not prevent or interfere with
attainment or maintenance of the 1-hour NO, NAAQS. DEQ must clearly state as such.

3. DEQ has not ensured that all areas of ambient air have been modeled.

To obtain its minor source permit, MVP must demonstrate that the Lambert Compressor
Station will not prevent or interfere with attainment or maintenance of the NAAQS in all areas of
“ambient air.” EPA regulations define “ambient air” as “that portion of the atmosphere, external
to buildings, to which the general public has access.”* In order for an area not to be considered
as ambient air, EPA generally requires that the public be precluded from access to the area
through fencing or other physical barriers.** It is not clear that MVP has included modeling
receptors in all areas where the public may have access.

MVP used two sets of receptor grids and source combinations in its modeling:
(1) exclusion of receptors within Transco Station 165/166°s ambient boundary with all NAAQS
sources, and (2) exclusion of Transco Station 165/166°s sources but receptors included within
their ambient boundary.*** Typically, modeling reports include figures of the ambient air
boundary of the proposed facility and other facilities, along with identification of receptors used
in the modeling. Based on our review, MVP has not included any such figures in its modeling
report or modeling protocol. Given that the modeled impacts of the Lambert Compressor Station,
Transco stations, and other sources in the area were so close to the 1-hour NO, NAAQS, it is
important for the public to understand the extent of the Lambert Compressor Station’s potential
impacts and its spatial relationship to Transco Stations 165 and 166.

MVP did not include modeling receptors within the boundaries of the property, claiming
it will be fenced.™? Yet the draft permit does not specifically require that property boundary be
fenced or otherwise preclude public access. The requirement to preclude public access should be
spelled out in the permit.

109 40 C.F.R. § 50.1(e).

110 gee e.g., Letter from EPA Administrator Douglas M. Costle to Sen. Jennings Randolph (Dec.
19, 1980) https://bit.ly/3ubLzeC. EPA has recently recognized that a fence or physical barrier is
not the only mechanism of barring public access and that other measures may be used to
preclude access to the site. See Memorandum from EPA Administrator Andrew R. Wheeler to
Regional Administrators (Dec. 2, 2019), https://bit.ly/31BmwFS. Notably, EPA states that it
expects the air agency to determine that the “general public does not have access to property in
order to exclude an area from ambient air.” Id. at 2.

11 june 2020 Modeling Report at 4-2.
"21d. at 3-4.
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Nor is it clear that the applicable air permits for Transco Stations 165 and 166 require
fencing or otherwise preclude public access to effectively create an ambient air boundary. The
January 28, 2020 Permit to Construct for the new compressor turbines at Transco Station 165
does not include any such requirements, nor does the August 24, 2015 Stationary Source Permit
to Modify and Operate Transco Compressor Station 166."*2 If the property boundaries of the
Transco Stations do not preclude public access, MVP’s cumulative modeling must demonstrate
compliance with the 1-hour NO, NAAQS within the property of the Transco stations. DEQ
should ensure that MVP discloses the ambient air boundary of Transco Stations 165 and 166
relative to the MVP site boundary (including the receptor placement for Transco Stations 165
and 166) and identifies any enforceable provisions applicable to Transco Stations 165 and 166
that effectively prohibit public access to the area that MVVP’s modeling excludes from
consideration as ambient air. If no such enforceable provisions exist, DEQ must require MVP’s
cumulative modeling to include receptors within the Transco property.

DEQ should also require MVP to provide isopleth maps showing the area of 1-hour NO;
concentrations to which the Lambert Compressor Station would cause or contribute along with
the properly defined ambient air boundaries for the station and the existing Transco Stations 165
and 166. Such information is necessary to inform the public of the extent of the Lambert
Compressor Station’s potential emissions impacts.

4. DEQ’s engineering analysis contains an unsupported background
concentration value.

In DEQ’s July 9, 2020 Draft Engineering Analysis for the Lambert Compressor Station,
Table 2 includes the source contribution analysis for the modeled cumulative concentration of
178.8 pg/m°. That table lists the background air quality as 60.86 pg/m®.* It is unclear where
DEQ obtained this figure. A background concentration value of 60.86 pg/m? is not identified as
any of the 1-hour NO, variable seasonal and hourly background concentration values presented
in MVP’s June 2020 Modeling Report.**> DEQ must explain this discrepancy in stated
background concentrations.

B. DEQ cannot issue a permit for the Lambert Compressor Station without
conducting a proper BACT analysis.

MVP and DEQ made three overarching errors with respect to the Best Available Control
Technology (“BACT”) requirements for new stationary sources: (1) DEQ focused on the wrong
emissions rate to conclude that the Lambert Compressor Station was exempt from applying
BACT for NOx; (2) MVP and DEQ gave insufficient consideration to an available method of
pollution control—the use of electric motors to power the compressors—that would eliminate

113 5ee 2015 Transco Station 166 Permit.
14 Air Quality Analysis at 3 thl. 2.
113 See June 2020 Modeling Report at 3-7 tbl. 3-8.
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almost all on-site air pollution from the Lambert Compressor Station; and (3) DEQ ultimately set
a NOx emission limit that did not represent BACT.

1. DEQ erroneously found that the Lambert Compressor Station would
be exempt from BACT requirements for NOx.

In reviewing an application for a new stationary source permit, DEQ is required to
consider “the maximum degree of emission reduction for any pollutant” that DEQ, “taking into
account energy, environmental and economic impacts and other costs, determines is achievable
for the new stationary source or project through the application of production processes or
available methods, systems and techniques ... for control of such pollutant.”**°

A new stationary source like the Lambert Compressor Station must apply BACT for each
regulated pollutant not exempted by the regulations.**” The regulations exempt new stationary
sources from the BACT requirement for any pollutant to be emitted by the station at an
“uncontrolled emission rate” below the threshold that 9 VAC 5-50-1105(C)(1) sets for that
polluf?snt. For nitrogen oxides (NOXx), the threshold uncontrolled emission rate is 40 tons per
year.

DEQ determined that the proposed Lambert Compressor Station would be subject to the
BACT requirements for PM; 5 and formaldehyde but exempt from BACT for all other
pollutants—including NOx.™® DEQ based its determination that the BACT requirements did not
apply to NOx on the finding that the Lambert Compressor Station’s uncontrolled emission rate
for NOx was 34.73 tons per year, below the 40-tons-per-year threshold.** Because the emission
rate of 34.73 tons per year was not the compressor station’s “uncontrolled emission rate” for
NOx, DEQ’s determination was erroneous.

Under 9 VAC 5-80-1105(C)(1), a stationary source’s uncontrolled emission rate is the
sum of the uncontrolled emission rates of the individual affected emission units.'?*
“Uncontrolled emission rate” is defined as “the emission rate from an emissions unit when
operating at maximum capacity without air pollution control equipment.”*?? “Air pollution
control equipment” is further defined to “include[] control equipment which is not vital to its

116 9 \VAC 5-50-250(C).

1179 VAC 5-50-260(B).

118 9 \VAC 5-80-1105(C)(1); Draft Engineering Analysis at 10.
19 Draft Engineering Analysis at 7.

120 gee jd.; see also June 2020 Permit Application at 27 tbl. 4-3.
121 9 VAC 5-80-1105(C)(1).

122 9 VAC 5-80-1110(C).
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operation, except that its use enables the source to conform to applicable air pollution control
laws and regulations.”™?

DEQ presumably determined that the SoLoNOx dry low NOx combustors for the
station’s Solar turbines were vital to the combustion turbines’ operation as an inherent part of the
turbines. But SOLoNOx combustors are available with different levels of NOx control. In its
November 2018 permit application, MVP proposed to use SOLONOXx dry low NOx combustors to
meet a NOx emission limit of 15 ppm.*?* MVP calculated the uncontrolled emission rate for
NOx as 55.28 tons per year, exceeding the 40-tons-per-year threshold to trigger BACT for
NOx.'® In its April 2019 updated application, however, MVP reported that the combustion
turbines would now be equipped with “Solar’s Advanced SOLoNOXx dry low NOx combustor
technology for NOXx control,” which would reduce NOx emissions to 9 ppm.*?®

Even if the SoLoNOx combustors were considered “vital” to the operation of the
turbines, however, there would be no basis to conclude that the “Ultra Low NOx” pollution
controls of “Advanced SoOLONOX” were “vital” to the operation of the turbines. The
manufacturer, Solar Turbines, describes these advanced controls as an “[u]pgrade” available for
certain turbines.*?” MV/P’s application points out that the advanced SoLoNOx controls that
achieve 9 ppm NOXx cost more than the baseline SOLoNOX controls that achieve 15 ppm NOx.
Therefore, DEQ cannot conclude that the “Ultra Low NOx” pollution controls of “Advanced
SoLoNOx” are “vital” to the turbines’ operation—and the Lambert Compressor Station’s
uncontrolled emission rate for NOx is the sum of the emission rates of the compressor turbines
without the use of Advanced SoLoNOXx technology along with all other NOx emission sources at
the facility. Because the resulting uncontrolled emission rate for NOx exceeds the threshold of
40 tons per year set forth in 9 VAC 5-80-1105(C)(1), the Lambert Compressor Station is subject
to BACT for NOx.

128

Separately, we note that MVP indicated that the 9 ppm NOx emission rate associated
with the ultra-low NOx “Advanced SoLoNOXx” controls is valid only for ambient temperatures

123 Id.

124 TRC Envtl. Corp., Article 6 Air Permit Application — Mountain Valley Pipeline, LLC,
Lambert Compressor Station, Southgate Project at 4-10 (Nov. 2018).

125 |d. at 4-2; see also June 2020 Permit Application App. E, NOx BACT Cost Analysis
“Baseline Case” (calculating the uncontrolled NOx emission rate as 53.47 tons per year).

126 TRC Envtl. Corp., Article 6 Air Permit Application — Mountain Valley Pipeline, LLC,
Lambert Compressor Station, Southgate Project at 4 (rev. 1, Apr. 2019) (“April 2019 Permit
Application”).

127 Solar Turbines, SoLoNOX™ Upgrade, https://bit.ly/3sAhOE1 (last visited Apr. 2, 2021)
(Exhibit 11).

128 See June 2020 Permit Application at 49 thl. 5-1 (indicating that “Ultra Low NOXx” controls
cost $613,636 more in capital costs than “Baseline” NOx controls).
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between 0°F and 100°F.**° Yet MVP did not identify or account for uncontrolled NOx emissions
(or uncontrolled emissions of any other pollutant) during periods when ambient temperatures are
above 100°F.**® MVP did not even quantify what the compressor turbines’ emissions rate for
NOX or other pollutants would be at ambient temperatures above 100°F.*** To properly
determine BACT applicability, DEQ must require MVP to quantify such emissions and include
such emissions in the calculation of uncontrolled emission rates of NOx and other pollutants.

2. BACT for NOx, PM, s, and formaldehyde can be achieved at the
Lambert Compressor Station through the use of electric motors to
power the compressors.

A determination of “best available control technology” (“BACT”) must consider “the
nature and amount of the emissions, emission control efficiencies achieved in the industry for the
source type, total cost-effectiveness, and where appropriate, the cost-effectiveness of the
incremental emissions reduction achieved between control alternatives.”** By failing to
adequately consider the use of electric compressor motors in place of gas-fired compressor
turbines, MVP and DEQ did not fulfill their obligation to evaluate and apply BACT.'*®

The use of electric motors in lieu of gas-fired turbines to drive the compressors reflects
the maximum degree of emission reduction of NOx, PM, s, and formaldehyde for the Lambert
Compressor Station, as well as for the other air pollutants the station would emit. In contrast to
the planned gas-fired combustion turbines powering the compressors, electric motors would emit
no pollutants in connection with the compression of gas. Compressors powered by electric
motors also require significantly less maintenance than compressors powered by gas-fired
turbines.’® Less maintenance means less compressor downtime and, by extension, fewer

129 April 2019 Permit Application at 4.

130 5ee June 2020 Modeling Report App. B thl. B-2. MVP did account for emissions of NOx and
other pollutants during periods of subzero ambient temperatures, which MVP claimed would
likely occur for only five hours per year. See id. at 2-2, 3-8.

131 gee id. App. B thl. B-2.
132 9 VAC 5-50-250(C).

133 Despite claiming to be exempt from BACT for NOx, MVP did conduct a NOx BACT
analysis “under the potential case that SOLoNOx would be considered air pollution control
equipment and the assumption that turbines using conventional (Non-SoLoNOx) combustion
burners or higher NOx emitting SOLoNOX turbines could result in emission rates above the
[BACT] exemption emissions levels ....” June 2020 Permit Application at 41. Because, as set
forth in Section 111.B.1, above, the Lambert Compressor Station is subject to BACT for NOx in
addition to PM;s and formaldehyde—we include comments on the NOx BACT analysis that
MVP performed in its application and DEQ referred to in its Draft Engineering Analysis.

134 see EPA, PRO Fact Sheet No. 103, Install Electric Compressors 2 (2011),
https://bit.ly/2PJw7HZ (“PRO Fact Sheet No. 103).
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blowdown emissions. For the Lambert Compressor Station, reducing blowdown emissions would
reduce emissions of methane as well as volatile organic compounds such as hexane that co-occur
with the gas. Additional benefits of electric motors as compared to gas-fired turbines include
increased efficiency and lower noise levels.*®

a. Electric compressor motors are an “available” control
technology.

Electric motors have long been recognized as a more efficient and cleaner alternative to
gas turbines when it comes to powering compressor stations.*** As a result, electric compressor
motors have become commonplace in recent years, including along gas pipelines.®’

DEQ claims that electric motors do not represent an “available” control technology for
the Lambert Compressor Station because the “electrical transmission infrastructure required for
the use of [electric motors] at the proposed Station does not exist.”**® But a current lack of
infrastructure should not eliminate the use of electric motors from consideration. As MVP
demonstrated in its permit application, the necessary infrastructure—including new power lines
and an additional substation at the Lambert site—can be built;** the question may be one of
cost, but not of availability.** In the context of evaluating BACT under the federal prevention of
significant deterioration (“PSD”) program, EPA considers control options as available if the
control techniques have a “practical potential for application to the emissions unit and the
regulated pollutant under evaluation.” ! And it is generally more cost-effective to incorporate
the best pollution control techniques at a facility before it has been constructed, rather than
retrofitting a facility after it is in operation. DEQ cannot reasonably find that the use of electric

135 Id

138 gee Jeffery B. Greenblatt, Ernest Orlando Lawrence Berkeley National Laboratory, LBNL-
6990E, Opportunities for Efficiently Improvements in the U.S. Natural Gas Transmission,
Storage and Distribution System 12-15 (May 2015), https://bit.ly/2PGEFz7 (Exhibit 12); PRO
Fact Sheet No. 103 at 2.

37 See, e.g., Mark Iden, Solar Power Station Helps to Power Gas Pipeline Compressor Station,
Pipeline Tech. J., Oct. 16, 2020, https://bit.ly/3u4hAVY (Exhibit 13) (describing Enbridge’s
solar-powered Lambertville Compressor Station in West Amwell Township, New Jersey); N.M.
Env’t Dep’t, Title V Operating Permit No. P154-R4 (Sept. 28, 2018) (permitting Transwestern’s
Roswell Compressor Station No. 9 in Roswell, New Mexico) (Exhibit 14); Al Armendariz,
Emissions from Natural Gas Production in the Barnett Shale Area and Opportunities for Cost-
Effective Improvements 29-30 (Jan. 26, 2009), https://bit.ly/2QVsNd7 (Exhibit 15).

138 Draft Engineering Analysis at 10.
139 june 2020 Permit Application App. E.

140 \We address the cost-effectiveness of using electric motors in place of gas-fired turbines to
power the compressors in Section 111.B.4, below.

141 EPA, New Source Review Workshop Manual B.5 (draft Oct. 1990), https:/bit.ly/3wj4yFW.
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compressor motors is not an available control technology for the Lambert Compressor Station—
particularly considering the prevalence of compressors powered by electric motors at natural-
gas-pipeline compressor stations.

b. Electric compressor motors are an inherently lower-emitting
process as compared to gas-fired compressor turbines.

DEQ also dismisses the use of electric motors based on the markedly inconclusive
finding that “[a]n electric compressor station may or may not be an inherently lower pollutant
process than a natural gas-fired compressor station,” depending on the fuel source for the electric
generation.*** DEQ explains its statement as follows:

If the source of the electric compressor station’s electricity comes from a coal-
fired power plant, the overall air pollution impact of the electric compressor
station is worse than that of a natural gas-fired compressor station. However, if
the electricity comes from a natural gas-fired power plant, the overall air pollution
impact of an electric compressor station is likely to be approximately equal to that
of a natural gas-fired compressor station.*?

DEQ’s reasoning contains several erroneous assumptions. First, even assuming that using
electric motors in place of gas-fired turbines would not lower overall emissions, it plainly would
lessen the air pollution impact in the area of the compressor station. DEQ’s conclusion about the
“overall air pollution impact” ignores the localized impacts of pollutant emissions on fenceline
communities—an express focus of the Virginia Environmental Justice Act*** and, as discussed in
Section I.C, above, an essential element of DEQ’s required environmental justice analysis.

But using electric motors would likely lower overall emissions as well. DEQ’s second
mistaken assumption is that electricity for the Lambert Compressor Station would come from a
single power generating source. That is fundamentally not how electricity transmission operates,
as electrons cannot be differentiated once put onto the grid.

A far more appropriate analysis would look at the statewide or regional generation
sources from which the Lambert Compressor Station could draw electricity. Electricity for the
Chatham, Virginia area can come from three different power companies: Appalachian Power
Company, Mecklenburg Electric Cooperative, and Virginia Electric and Power Company

192 Draft Engineering Analysis at 10.
143 Id

144 See Va. Code § 2.2-235 (“It is the policy of the Commonwealth to promote environmental
justice and ensure that it is carried out throughout the Commonwealth, with a focus on
environmental justice communities and fenceline communities.”).



Ms. Anita Walthall
April 9, 2021
Page 27

(“Dominion”).** Those companies have a mix of power generating sources and can also
purchase power from other generating sources. According to data from the U.S. Energy
Information Administration, as of 2018, Virginia’s grid was powered by approximately 60%
natural gas, 30% nuclear, and approximately 6% solar and biomass. Coal accounted for less than
4% of electricity generation.*® Dominion’s most recent long-term planning document reported
that in 2019 Dominion’s electricity was produced from 41% natural gas, 30% nuclear, and only
9% coal.**’ Even based on this high-level data, it is immediately apparent that an electric
compressor station would likely produce less overall air pollution—including lower NOx
emissions—than a gas-fired station, as only a tiny portion of electricity generated in Virginia is
coal-fired, while a minimum of 30% is carbon-dioxide free (nuclear and solar).

Importantly, the percentage of electricity generated by carbon-free sources will
necessarily and rapidly improve due to several recent legislative and regulatory changes. By
2024 and 2028, Dominion is required by law to retire several polluting facilities powered by
coal, heavy oil, and biomass.'*® As one analysis put it, “the bulk of Virginia’s coal plants must
shut down before 2025.”**° Meanwhile, both major utilities—Dominion and Appalachian
Power—must increase their renewable generation through the buildout and acquisition of wind
and solar resources, with Dominion’s generation becoming 100% carbon-free by 2045 and
Appalachian Power’s by 2050.*° Legislatively required increases in energy-efficiency programs
will further reduce emissions,™" as will an increase from 1% to 6% of customers eligible for net
metering (i.e., rooftop solar).'*

And, as DEQ is well aware, Virginia is now a participant in the Regional Greenhouse
Gas Initiative thanks to DEQ’s regulatory program.™* With few exceptions, since January 1,
2021, power plant operators or owners must now purchase an allowance for every ton of carbon

195 See EPA, eGRID Power Profiler, https://bit.ly/3rLKA4TS5 (last visited Apr. 2, 2021) (listing
three utilities under “Select your utility” upon entry of “24531” under “Power Profiler — Enter
zip code”).

198 see U.S. Energy Info. Admin., Virginia Energy Consumption Estimates, 2018,
https://bit.ly/20fnleL (last visited Apr. 2, 2021) (Exhibit 16).

147 Dominion Energy, Virginia Electric and Power Company’s Report of Its Integrated Resource
Plan 78 fig. 5.1.1.3 (May 1, 2020), https://bit.ly/39upv78 (Chapter 5 excerpted as Exhibit 17)
(2020 Dominion IRP”).

148 \a. Code § 56-585.5(B)(1), (2); see also 2020 Dominion IRP at 83.

1% Darren Sweeney, Bulk of Virginia’s Coal Plants Must Shut Down Before 2025 Under New
State Law, S&P Global Platts, Apr. 13, 2020, https://bit.ly/3uijCSE (Exhibit 18).

139 \/a. Code § 56-585.5(B)(3), (C).
! Va. Code § 56-596.2(B).

152 Va. Code § 56-594(E).

153 5ee 9 VAC 5-140-6010 et seq.
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dioxide their plant emits. The amount of available allowances decrease by 3% every year for an
overall reduction of 30% from 2020 levels by 2030. The program is designed to drive down
emissions while affording the power-plant operators flexibility to make cost-effective decisions
to reduce their emissions over time. While Virginia has just started participating in the program,
the Regional Greenhouse Gas Initiative has been tremendously successful. Over the first 10 years
of the program, participating states saw their carbon dioxide emissions fall 90% faster than the
rest of the country, for an overall reduction of 47%."** And the percentage of electricity
generated by carbon-generating fossil fuels is only expected to decrease over the life of the
proposed Lambert Compressor Station, which is projected to be 50 years or more.™ Less
reliance on fossil fuels to generate electricity going forward means even lower NOx emissions.

DEQ’s equivocation over whether a compressor powered by electric motors would be a
lower-emitting process than a compressor powered by gas-fired turbines relies on a third
mistaken assumption: that overall emissions would likely be the same if the electricity for an
electric Lambert Compressor Station came from a gas-fired power plant as if the Lambert
Compressor Station were powered by gas-fired turbines.*® This is incorrect. Gas-fired
combined-cycle power plants—the gas-fired power plants used to meet base load for industrial
sources like compressor stations—are more energy-efficient than gas-fired compressor turbines.
A combined-cycle power system generally has an energy efficiency in the range of 50-60%."’
MVP has indicated that the thermal efficiency of the gas-fired compressor turbines to be installed
at the Lambert Compressor Station would have, at best, a thermal efficiency of 33-34% at 100%
load.™® One of the lower CO, BACT emission limits for a new combined-cycle power plant is
794 pounds per megawatt hour (“Ib/MWh™), which applies to the Belle River Combined Cycle
Power Plant in Michigan.**® Assuming, as MVP did, that 25 megawatts (“MW”) needs to be
produced at the power plant to power the Lambert Compressor Station,** this emission rate

5% Acadia Ctr., The Regional Greenhouse Gas Initiative: 10 Years in Review, Executive
Summary (2019), https://bit.ly/2PIVeAw (Exhibit 19).

13° see FERC, Southgate Project: Final Envtl. Impact Statement, Dkt. No. CP19-14-000, at 4-1
(Feb. 2020) (indicating lifetime of 50 years or more for compressor station),
https://bit.ly/3dIBSnj (“Final EIS”).

15 Draft Engineering Analysis at 10.

57 see IPIECA, Combined Cycle Gas Turbines (Apr. 10, 2013), https://bit.ly/3sSg8FS (Exhibit
20).

158 See June 2020 Permit Application App. B tbls. B-3, B-5.

¥ EPA, Pollutant Information, https://bit.ly/3fxFUM1 (last visited Apr. 2, 2021) (Exhibit 21)
(listing “Emission Limit 2” for “Carbon Dioxide Equivalent (CO2e)” as “794.0000 LB/MW-H
12-OPER MO ROLL AVG”). To locate this information, go to EPA, RACT/BACT/LAER
Clearinghouse: Search by RBLC Identifier, https://bit.ly/39BIRs9, enter “MI1-0435” under “Enter
RBLC ID(s),” select “Run search now,” select “FGCTGHRSG (EUCTGHRSG1 &
EUCTGHRSG2),” and select “Carbon Dioxide Equivalent (CO2e).”

180 june 2020 Permit Application App. E.
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would equate to maximum emissions of 86,943 tons per year of CO, from a gas-fired combined-
cycle power plant to provide maximum power to the Lambert Compressor Station for a year. The
compressors, microturbines, and fuel gas heater (which would no longer be needed if the station
was electric) at the Lambert Compressor Station are identified as having potential CO, emissions
at maximum capacity of 123,223 tons per year.'®! Thus, if the power for the Lambert
Compressor Station came from a gas-fired combined-cycle power plant, CO, emissions would be
30% lower, and overall emissions would likewise be reduced.

In addition, combined-cycle power plants are more energy-efficient than gas-fired
compressor turbines, making annual emissions of all pollutants from power plants lower than the
projected annual emissions from a gas-powered Lambert Compressor Station. NOx BACT
emissions for a gas-fired combined-cycle plant are typically 2 parts per million by volume, dry
(“ppmvd”), carbon monoxide (“CO”) BACT emission limits are typically 1.0 ppmvd, and
volatile organic compound emission limits are typically 0.7 ppmvd.*®? In comparison, draft
permit for the Lambert Compressor Station identifies the controlled emission rates of the planned
gas-fired compressor turbines as 2.7 ppmvd for NOx, 2.0 ppmvd for carbon monoxide, and 0.5
ppmvd for volatile organic compounds. Relying on DEQ’s permit documents for the proposed
Chickahominy Power Station, a combined-cycle power plant, we calculate the following
Ib/MWh emission rates based on the above BACT limits: NOx — 0.053 Ib/MWh, CO - 0.016
Ib/MWHh, and volatile organic compounds (“VOCs”) — 0.0065 Ib/MWh.™*® Using these emission
factors and an assumed 25 MW generation need at the power plant to power the Lambert
Compressor Station at 100% capacity for a year, the emissions from the power plant for the
Lambert Compressor Station load would be as follows: NOx — 5.83 tons per year (“tpy”)
(compared to 12.37 tpy from the controlled gas-fired station); CO — 1.77 tpy (compared to 17.28
tpy from the controlled gas-fired station); and VOCs — 0.717 tpy (compared to the 3.33 tpy from
the controlled gas-fired station).*®* Thus, the emissions from the power generated from a gas-
fired combined cycle power plant to operate an electric Lambert Compressor Station would be
far lower than the emissions from a gas-fired Lambert Compressor Station.

181 1d. App. B thl. B-1.

162 5ee generally EPA, RACT/BACT/LAER Clearinghouse (RBLC) Basic Information,
https://bit.ly/39AFW1J (last visited Apr. 2, 2021). BACT determinations reviewed include
determinations for such facilities as the Greensville Power Station (RBLC ID VA-0325),
Killingly Energy Center (RBLC ID CT-0161), Chickahominy Power Station (RBLC ID
VA-0332), and Novi Energy CAGT (RBLC ID VA-0328) (Exhibit 22).

183 These emission rates were calculated based on the net generating capacity of one planned
combined cycle unit at the Chickahominy Power Station of 550 MW and on the modeled hourly
emission rates for each combined-cycle unit as identified in the November 2018 air permit
application for the power station. See AECOM, Air Permit Application: Chickahominy
Combined-Cycle Power Plant Project, Charles City County, Virginia 3-6 tbl. 3-7 (Nov. 2018)
(Section 3 excerpted as Exhibit 23).

164 The “controlled gas-fired station” emissions cited here are from June 2020 Permit Application
App. B tbl. B-1, “CONTROLLED Potential Emissions Summary.”
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C. The law does not preclude DEQ from considering electric
compressor motors as part of its BACT review.

DEQ also appears to claim that even if the Lambert Compressor Station were subject to
BACT for NOx, DEQ would not be required to evaluate whether the use of electric motors in
place of gas-fired turbines represented BACT:

The parameters in question, electric turbines with electric transmission, are
believed to fundamentally redefine the BACT approach for the proposed
combustion turbines and therefore BACT does not apply. DEQ does not substitute
alternative equipment for the affected emission units as part of the BACT
review.'®®

It is unclear exactly what DEQ is arguing here, but none of the possible interpretations of DEQ’s
statement are legally valid.

DEQ’s statement that considering electric compressor motors is “believed to
fundamentally redefine the BACT approach for the proposed combustion turbines” has shades of
EPA’s “redefining the source” doctrine, which is applicable to projects certified under the
prevention of significant deterioration (“PSD”) program. Under this federal doctrine, the
permitting authority need not consider a control alternative if it “redefines the source.”**® But the
doctrine, developed to resolve a statutory ambiguity unique to the Clean Air Act’s PSD program,
does not apply to a non-PSD, minor source in a state permitting process.*®’

And even if the federal doctrine were applicable here, the use of electric motors in place
of gas-fired turbines would not constitute “redefining the source” under EPA’s test. To determine
whether a given technology impermissibly redefines the source, EPA follows a two-step process.
First, the applicant itself defines the facility’s purpose. Second, EPA determines which elements
of the facility as proposed can be changed to reduce emissions without disrupting the applicant’s
purpose.’®® MVP has defined the purpose of the compressor station as “to move gas from the
beginning of the H-650 pipeline at milepost 0.0 in Pittsylvania County, Virginia, to the
downstream delivery points along the pipeline ....”**® There is no evidence that the engines that
drive the compressors are inherent design elements that, if changed, would disrupt MVP’s
purpose for the compressor station in any way.

185 Draft Engineering Analysis at 10.

1% Eriends of Buckingham, 947 F.3d at 73 (quoting Helping Hand Tools v. EPA, 848 F.3d 1185,
1194 (9th Cir. 2016)).

167 see Friends of Buckingham, 947 F.3d at 74 (observing that, to court’s knowledge, federal
redefining the source doctrine “has never been applied to a non-PSD, minor source by a state
pollution board”).

188 Helping Hand, 848 F.3d at 1194.
169 june 2020 Permit Application at 1.
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To the extent DEQ attempts to invoke a Virginia doctrine or practice, we note that in
Friends of Buckingham, DEQ and the Board made the same claim, and the Fourth Circuit found
no such doctrine in Virginia law.'”® DEQ subsequently issued a guidance memorandum
stating that the BACT requirement “does not provide for wholesale replacement of an emissions
unit, or a fundamental alteration of the emissions unit in the application under review.”*"* But
this claim—made without citation to any prior authority—is in conflict with established Virginia
law.

Under Virginia’s regulations, BACT is evaluated, and required, for the stationary source.
It is “[a] new stationary source” that must “apply best available control technology for each
regulated pollutant for which there would be an uncontrolled emission rate equal to or greater
than” specified levels.'”> BACT, in turn, is defined as “an emission limitation ... based on the
maximum degree of emission reduction for any pollutant which would be emitted from a new
stationary source or project which the board, on a case-by-case basis ... determines is achievable
for the new stationary source or project ....”*”® And the regulations make clear that “stationary
source shall include all of the pollutant-emitting activities that belong to the same industrial
grouping, are located on one or more contiguous or adjacent properties, and are under the control
of the same person or of persons under common control ....”*"* Categorically refusing to
consider modified emission units is inconsistent with the obligation of DEQ to evaluate and
apply BACT at the level of the stationary source.!”

With the focus properly on the stationary source, Virginia law requires DEQ to assess
“the maximum degree of emission reduction for any pollutant” that it determines “is achievable
... through the application of production processes or available methods, systems and techniques
... for control of such pollutant.”*"® Electric motors are “methods, systems [or] techniques” that
can be applied to control pollutants—and thus must be considered. For DEQ to implement a
policy that does not allow such consideration would be at odds with the goal of the BACT

170 see Friends of Buckingham, 947 F.3d at 83.

"1 DEQ, Air Permitting Guidance Memo No. APG-350-Ch8, at 2 (Aug. 31, 2020),
https://bit.ly/31Dk8hJ.

172 9 \VAC 5-50-260(B) (emphasis added).

173 9 VAC 5-50-250(C) (defining “*Best available control technology’ or ‘BACT’”) (emphasis
added).

17 9 VAC 5-80-1110(C) (defining “Stationary source”) (emphasis added).

73 1t is true that 9 VAC 5-50-260(A) prohibits emissions from any “affected facility” in excess
of emissions limits representing BACT, and 9 VAC 5-50-240(A) clarifies that “[t]he affected
facilities at stationary sources to which the provisions of this article apply are emissions units
that are subject to the new source review program.” But these provisions merely confirm that
BACT emission limits apply to individual emission units; BACT must still be determined “for
the new stationary source.” 9 VAC 5-50-250(C).

176 Id
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analysis: to evaluate the maximum achievable degree of emission reduction from the new
stationary source.

d. MVP’s analysis of the cost-effectiveness of using electric
compressor motors is flawed.

Although DEQ never evaluated the cost-effectiveness of using electric motors in lieu of
gas-fired turbines, MVP included such an analysis in its June 30, 2020 Application Update.
MVP’s analysis is deficient for several reasons.

First, MVP claimed that “it is not clear that the use of electric compression as an
alternative technology for the Project would result in any reduction in emissions” and then
provides emission increase estimates from the generation of electricity to meet the electricity
needs of the Lambert Compressor Station.'’”” As discussed in Section 111.B.2.b, above, MVP’s
assessment of increased emissions from the source or sources of electricity for the compressor
station are completely speculative, especially given the shift to carbon-free energy sources
occurring in Virginia and nationally. In addition, BACT is evaluated for the stationary source,'’®
which in this case is the Lambert Compressor Station and does not include any sources of
electricity generation.

Second, MVP’s cost-effectiveness analysis considered the costs for purchase of
compressors powered by electric motors but failed to acknowledge (as the data in its June 2020
permit application indicated) that an electric compressor station would cost less than the planned
gas-fired combustion turbines in terms of capital costs. This difference is shown in Table 2,
below.

77 June 2020 Permit Application at 51, 55-56.
178 9 VAC 5-50-260(B), 5-50-250(C).
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Table 2. Comparison of MVP’s Capital Costs for Gas-Fired Turbine-Powered
Compressors Turbines to MVP’s Capital Costs for Electric Motor-Powered Compressors
(Source: June 2020 Permit Application App. E, NOx BACT Cost Analysis “Baseline Case”
and “Case 4: Electric Turbines”)

. Cost for Gas-Fired Cost for Electric
Component of Compressor Station Turbines Motors
11,460 hp compressor (Solar Taurus 70,
15 ppm SoL.oNOXx) $7,250,000 $5,500,000
16,610 hp compressor (Solar Mars 100
compressor turbines (15 ppm SoLoNOX) $10,545,455 $8,000,000
Primary Fuel Skid and System Piping
(Common to Both Units) $250,000 %0
Fuel Heater Installed (Common to Both
Units) $100,000 $0
C1000 Microturbine Installed (Common
to Both Units) $1,600,000 %0
Microturbine fuel skid and system
piping $150,000 $0
MCC Equipment inside of Station $250.000 $500.000
Installed ' ’
Utility Substation, 28 kVA, 13.8 kV-
MVP Purchased $0 $1,500,000
Total $20,155,455 $15,500,000

As this table demonstrates, the capital costs of the compressor station would be about
25% lower (approximately $4.7 million less) if electric motors were installed instead of gas-fired
turbines. However, MVP also claimed additional costs for building a substation to bring
electricity to the Lambert Compressor Station site.'”® MV/P estimated that the substation capital
costs (which include the substation upgrades and additional transmission line construction and
upgrades listed in Section 5.6.1 of the June 2020 Permit Application) would be $34,848,000,'%°
but provides no supporting information regarding, among other things, (a) the existing electric
system facilities and their capabilities, (b) the existing system’s current and projected loading
levels in the absence of an electric Lambert Compressor Station, or (c) the projected loading that

179 june 2020 Permit Application at 52-53, 57-58, App. E.
180 |4, at 59, App. E (NOx BACT Cost Analysis “Case 4: Electric Turbines™).
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would support an electric Lambert Compressor Station. MVP has not demonstrated that local
electric facilities need to be upgraded from 69 kilovolts (“kV”") to 115 KV in order to serve the
additional load associated with the compressor station. Further, it is not clear whether all of the
substation costs would have to be covered by MVP or whether the utilities would provide some
assistance, given that it would provide the utility with a customer for the 50-plus-year life of the
compressor station. MVP assumed it would bear the entirety of the capital costs.

MVP also assumed that the total capital cost of electric motor-powered compressors
would be the capital cost of electric motors plus the capital costs of a substation.*®* However, in
determining cost-effectiveness, MVP should have taken into account the $4.7 million in capital
cost savings of using electric motor-powered compressors in lieu of gas-fired turbine-powered
compressors and reduced the overall capital cost of electric motors and a substation by that
amount.

In addition, MVP overstated annualized capital costs of electric motor-powered
compressors by using too high of an interest rate and too short of a lifetime of the electric motors
and substation. Specifically, MVP assumed a 6% interest rate and a 15-year life of the
equipment.'® The substation would likely have a lifetime equivalent to the expected 50-plus-
year life of the compressor station.*®® The electric motors would likely have a useful life of 30
years or more.*® Thus, assuming a 15-year life in determining annualized costs of controls
greatly overstated the annualized capital costs, which can be amortized over at least 30 years and
as much as 50 years for the substation. The assumed 6% interest rate is also far higher than the
rate that EPA’s Control Cost Manual advises should be used in cost-effectiveness calculations.
Specifically, EPA recommends using the current bank prime lending rate in amortizing capital
costs of controls,'® which is currently 3.25%.%

In addition, MVP appears to have overstated the operational costs for electricity for the
electric motors. Specifically, MVP claimed the electricity demand for the Lambert Compressor

181 |d. at 59.
182 Id

183 See Final EIS at 4-1 (indicating lifetime of 50 years or more for compressor station); see also,
e.g., Kojiro Shimomugi et al., How Transformers Age, T&D World, Feb. 21, 2019,
https://bit.ly/3WISELSs (Exhibit 24).

184 This is based on the fact that many gas-fired turbine-powered compressors have been in
operation for 30 years or more, and electric motor-powered compressors have less maintenance
issues and lower maintenance requirements, which should ensure that the compressors last 30
years or more.

185 EPA, Control Cost Manual § 1, ch. 2, at 16 (Nov. 2017), https://bit.ly/31DkWmL.

188 see Bd. of Governors of Fed. Rsrv. Sys., Selected Interest Rates (Daily) — H.15,
https://bit.ly/3fBAorz (Apr. 1, 2021) (Exhibit 25).
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Station would be 25 MW.*®" However, converting the two compressor turbines’ horsepower
rating to MW rating equates to only 20.698 MW,"® and adding in the five microturbines at 200
kW each'® equates to a total maximum electricity need of 21.698 MW for the station.*® Thus,
MVP overstated the annual electricity usage at the Lambert Compressor Station and associated
costs by approximately 14%. We calculate a maximum electricity usage of an electric
compressor station of 190,074,480 kilowatt-hours per year (“kWh/yr) or, on average,
15,839,540 kilowatt-hours per month (“kWh/month”).*** In comparison, MVP assumed
216,000,000 kWh/yr or 18,000,000 kWh/month.'*? Using the same electricity cost numbers
provided by MVP, we calculate the maximum annual cost for electricity at an electric
compressor station as $6,479,719 per year—more than $1 million lower than MVP’s estimate of
$7,514,280 per year.

With respect to the other annual maintenance costs, MVP’s data shows that compressors
powered by electric motors will have lower maintenance costs than gas-fired turbine-powered
compressors. Specifically, MVP stated that the maintenance costs of gas-fired turbines will be
$1,567,753, whereas the maintenance costs for electric motors will be $495,962.* Thus, overall,
the use of electric motors would involve lower capital costs and lower maintenance costs than
the use of gas-fired turbines.

It also bears noting that MVP estimated that the cost of the natural gas to run the
proposed Lambert Compressor Station would be $4,010,863 per year.*** Not only would MVP
avoid incurring that cost if it were to use electric motors, but the gas that would otherwise be
used to power the compressors (1,682,464 million standard cubic feet per year*®®) would
presumably be available for sale, allowing MVP to make a profit on top of its cost savings.

187 June 2020 Permit Application App. E.

188 The horsepower rating of the two compressor turbines are 11,146 hp and 16,610 hp, or a total
of 27,756 hp. See id. at 2. Conversions from horsepower to megawatt were based on 1 hp =
0.0007457 MW.

189 gee id.

190 1t must be noted that consumers of electricity generally pay for the cost of the kW-hrs they
use, not the KW-hrs that have to be generated, considering losses along transmission lines.

191 These totals were calculated assuming 21.698 MW maximum total compressor station need,
assuming continual need at the maximum MW need throughout the year (i.e., 8,760 hours per

year).
192 june 2020 Permit Application App. E.
193 Id

194 Id.

195 Id
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Finally, MVP evaluated the cost-effectiveness of pollutant reductions from electrification
on a pollutant-by-pollutant basis. Yet forgoing the use of natural gas to power the Lambert
Compressor Station would eliminate emissions of all pollutants emitted as the result of gas
combustion, including pollutants not being evaluated for BACT.

Below, in Table 3, we provide revised cost-effectiveness calculations for the use of
electric compressor motors in lieu of gas-fired compressor turbines at the Lambert Compressor
Station. Our costs are based on the following:

e We compared the difference in capital cost of an electric compressor station to
that of a gas-fired compressor station, adding in MVP’s unsubstantiated
$34,848,00 cost estimate for a substation.

e Those revised capital costs were amortized over 30 years, assuming a 3.25%
interest rate.

e Annual operations and maintenance (“O&M?”) costs were based on net increase in
O&M costs for use of an electric compressor station instead of a gas-fired
compressor station.

e Cost-effectiveness was based on dividing the total of the revised annualized
capital costs and revised annual O&M costs by the total air pollutants reduced per
year from the gas-fired compressor station (both with and without considering
CO,e emissions). Hazardous air pollutants were not included in the total, since it
was not clear whether those emissions were included in the total of VOC
emissions. We did not include any emission reductions from pigging or from
blowdowns, although it must be noted that use of electric motors would decrease
emissions from blowdowns due to less frequent maintenance required. We also
did not account for reductions in fugitive emissions, although use of electric
motors would result in no fugitive emissions associated with the fuel gas input to
the compressors.
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Table 3. Revised Net Cost-Effectiveness of Using Electric Motors at Lambert Compressor
Station

Net Capital | Annualized | Net Annual | Total Cost- Cost-
Cost of Capital O&M Costs | Annual Effectiveness Effectiveness
Using Costs of Electric | Costs of Based on Based on
Electric (3.25% Motors Electric Reductions in Reductions in
Motors at Interest, Motors All Air All Air
Lambert 30-Year Emissions from | Emissions
Compressor | Life) Use of Electric | from Use of
Station Motors Electric
Excluding Motors
CO%e,"** $/Ton | Including
COe,"" $/Ton
$30,192,545 | $1,591,147 | $1,047,849 | $2,638,996 $14,798 $21/ton

Cost-effectiveness is based on the total annualized costs of a pollution control option divided by
the pollutants reduced by that option. By failing to reflect the capital and maintenance savings of
using electric motors instead of gas-fired turbines, and assuming an unreasonably high interest
rate and arbitrarily short life of controls, MVP calculated the total annualized costs of electric
compressor motors as $13,194,212 per year.*® Using reasonable inputs and assumptions, as
described above and illustrated in Table 3, the net total annualized costs of electric motors to
power the Lambert Compressor Station’s compressors would be $2,638,996—80% less than the
total annualized cost figure put forth by MVP.

3. Assuming the use of gas-fired compressor turbines, DEQ
should apply BACT to require a NOx emission limit no higher
than 2.5 ppmvd.

Despite the significant benefits of using electric compressor motors described in Section
111.B.2, above, DEQ’s draft permit does not require their use. We thus provide the following

1% Total of Uncontrolled Emissions = 178.33 tpy, based on total of NOx, PM2.5, CO, SO,, and
VOC emissions for gas-fired turbines, microturbines, and heaters from June 2020 Permit
Application App. B tbl. B-1, “UNCONTROLLED” Potential Emissions Summary,” and 15 ppm
NOx emissions from June 2020 Permit Application App. E, NOx BACT Cost Analysis “Baseline
Case.”

97 Total of Uncontrolled Emissions = 178.33 tpy + 123,351 tpy COe, based on June 2020
Permit Application App. B tbl. B-1, “UNCONTROLLED Potential Emissions Summary” (total
uncontrolled CO.e emissions excluding emissions from “Produced Fluid Tanks,” “Blowdowns,”
and “Station Fugitives”).

198 june 2020 Permit Application at 59 tbl. 5-3.
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comments on DEQ’s proposed NOx BACT emission limits for the gas-fired turbine-powered
COMpressors.

As discussed in Section I11.B.1, above, the Lambert Compressor Station should be
considered as subject to BACT based on its baseline NOx emissions of 15 ppm, for which the
facility’s uncontrolled NOx emissions would exceed DEQ’s BACT applicability threshold of 40
tons per year. Because the advanced low-NOx combustors are not vital to the operation of the
combustion turbines, it is not appropriate to consider those controls as inherently part of the
compressors’ uncontrolled emissions.

Further, while DEQ indicates that MVP has voluntarily proposed control measures to
meet BACT for NOx—specifically, installation of SCR in addition to advanced ultra-low-NOx
combustors—DEQ must also acknowledge that those controls are needed to ensure that the area
does not violate the 1-hour NO, NAAQS. As discussed in Section I11.A, above, the cumulative
1-hour NO, modeling for the Lambert Compressor Station showed concentrations of NO, at 95%
of the 1-hour NO, NAAQS.*® Given that SoLoNOx emission rates are not guaranteed at
temperature above 100°F or at subzero temperatures,?*® the SoOLoNOXx controls alone are likely
insufficient to ensure that the Lambert Compressor Station would not cause or contribute to a
violation of the 1-hour NO, NAAQS. DEQ must thus make clear that it is relying on the NOx
limitations it has proposed for the two compressor turbines to claim that the Lambert Compressor
Station will not interfere with attainment or maintenance of the 1-hour NO, NAAQS. The
importance of stating this clearly in the permit and engineering analysis is to ensure that a new
1-hour NO; modeling analysis is required before DEQ allows any relaxation of the permit’s NOx
emission limits in the future.

DEQ has proposed a NOx limit of 2.7 ppmvd@15% oxygen for the compressor turbines
based on use of ultra-low NOx combustion controls (SoLoNOx) and SCR.?** The 2.7 ppm NOx
limit reflects an SCR NOx removal efficiency of 70% from the 9 ppm NOX rate that the
advanced SoLoNOXx will achieve. Yet SCR systems can achieve much higher NOx removal
efficiencies than 70%. For example, BASF makes SCR catalysts that it claims can achieve up to
97% NOXx reduction. The NOxCat™ ETZ catalyst is specifically designed for simple-cycle
power generating turbines and other high temperature turbine applications.?® The NOxCat™
VNX and ZNX catalysts can achieve up to 99% NOx reduction and are most effective at a
temperature range of 550°F to 800°F.2%

19 june 2020 Modeling Report at 4-2 tbl. 4-2.
200 April 2019 Permit Application at 4.
201 Draft Permit, Conditions 1, 20.

202 gee BASF, NOxCat™ ETZ™ Catalysts, https://bit.ly/3fDkPzM (last visited Apr. 2, 2021)
(Exhibit 26).

203 gee BASF, NOxCat™ VNX™ Catalysts, https://bit.ly/3mflyG8 (last visited Apr. 2, 2021)
(Exhibit 27).
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In terms of operational characteristics, the compressor turbines are essentially the same as
simple-cycle combustion turbines used for power generation, except that the turbine is used to
drive a compressor rather than to generate electricity. SCR has been required as BACT and
installed on numerous simple-cycle gas-fired combustion turbines that operate as peaking plants
in the United States with varying load ranges. Compliance with those emission limits is typically
required on a very short-term basis, with NOx emissions being monitored with continuous
emissions monitoring systems (“CEMS”). For example, in a permit analysis for the Mariposa
Energy Project to be located in Alameda County, California, the Bay Area Air Quality
Management District provided numerous examples of simple-cycle gas turbines permitted in the
District with 1-hour average NOx limits of 2.5 ppmvd@15% O, and required the new simple-
cycle gas turbines of the Mariposa Energy Project to meet a NOx BACT limit of 2.5 ppmvd.?®*
These example simple-cycle turbine NOx limits with SCR are provided in Table 4, below.

Table 4. Simple-Cycle Turbines in California with NOx Limits with SCR of
2.5 ppmvd@15%0; (Source: Mariposa Energy Project Preliminary Determination at 38)

Facility NOx Limit Averaging Time

Panoche Energy Center 1-hour average

Walnut Creek Energy Park 1-hour average

Sun Valley Energy Project 1-hour average

CPV Sentinel Energy Project | 1-hour average

Lambie Energy Center 1-hour average
Riverview Energy Center 1-hour average
Wolfskill Energy Center 1-hour average
Goosehaven Energy Center 1-hour average

A review of EPA’s RACT/BACT/LAER Clearinghouse shows numerous other simple-
cycle combustion turbines with NOx BACT limits of 2.5 ppmvd, as shown in Table 5, below.

204 See Bay Area Air Quality Mgmt. Dist., Preliminary Determination of Compliance: Mariposa
Energy Project at 38—-39 (Aug. 2010), https://bit.ly/3sIMvqt (Sections 5.1 and 5.2 excerpted as
Exhibit 28) (“Mariposa Energy Project Preliminary Determination”). These BACT
determinations can also be found in the California Air Resources Board’s BACT Clearinghouse.
See Cal. Air Res. Bd., Technology Clearinghouse, https://bit.ly/3wgmwsK (last visited Apr. 2,
2021).
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Table 5. Simple-Cycle Turbines in EPA’s RACT/BACT/LAER Clearinghouse with NOx
Limits with SCR of 2.5 ppmvd@15%0,°%

Facility RBLC ID NOx Limit Averaging Time
Bayonne Energy Center LLC NJ-0086 3-hour average

Troutdale Energy Center OR-0050 3-hour average

Vineland Municipal Electric Utility NJ-0077 3-hour average

Bayonne Energy Center LLC NJ-0075 Not given

PSEG Fossil LLC Kearny Generating Station | NJ-0076 3-hour rolling average

El Cajon Energy LLC CA-1174 1-hour average

Orange Grove Project CA-1176 1-hour average

Escondido Energy Center LLC CA-1175 1-hour average

Based on all of this information, a NOx emission limit at least as low as 2.5 ppmvd
should be considered as BACT for NOx for the compressor turbines at the Lambert Compressor
Station. Not only would such a limit better reflect the capabilities of SCR, but a lower NOx limit
would lower the Lambert Compressor Station’s impact on 1-hour NO; concentrations in the area,
which would better prevent the facility from causing or contributing to a 1-hour NO, NAAQS
violation given the other NOx sources in the area.

V. Conclusion

To approve the proposed minor new source permit on this record would be to repeat
ignore many of the missteps that led to the vacatur of the Buckingham Compressor Station
permit a little over a year ago. As set forth in this letter, DEQ and MVP have neglected to
adequately address environmental justice concerns, performed an incomplete site suitability
analysis, and failed to demonstrate compliance with applicable air permitting requirements for
the Lambert Compressor Station. These fundamental flaws in the permitting process require that
the proposed permit be denied.

205 gpecific information on each facility can be found by entering the specified RBLC identifier
under “Enter RBLC ID(s)” at EPA, Search by RBLC Identifier, https://bit.ly/39BIRs9 (last
visited Apr. 2, 2021).
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Accordingly, we ask that the permit be submitted for consideration by the Board; request
a public hearing so that the Board hears directly from affected community members along with
other members of the public; and urge the Board to deny the permit.

Sincerely,
e =
L/l.;’".L L/ LA «b@e'

Mark Sabath

Senior Attorney

Southern Environmental Law Center
201 West Main Street, Suite 14
Charlottesville, VA 22902

(434) 977-4090

Peter Anderson

Virginia Policy Director
Appalachian Voices

812 E. High Street
Charlottesville, VA 22902
(434) 293-6373

Tiffany Haworth

Executive Director

Dan River Basin Association
413 Church Street, Suite 401
Eden, NC 27288

(336) 627-6270

Steven Pulliam

Dan Riverkeeper

Good Stewards of Rockingham
790 Stone Mountain Road
Stoneville, NC 27048

(336) 613-6109

Emily Sutton

Haw Riverkeeper
Haw River Assembly
P.O. Box 187
Bynum, NC 27228
(919) 542-5790

Anita Royston

President

NAACP Pittsylvania County Branch #7096
P.O. Box 1072

Chatham, VA 24531

(916) 475-7162

Elizabeth S. Kostelny
Chief Executive Officer
Preservation Virginia
204 W. Franklin Street
Richmond, VA 23220
(804) 648-1889 ext. 306

Ivy Main

Conservation Chair

Sierra Club Virginia Chapter

100 W. Franklin Street, Mezzanine
Richmond, VA 23220

(804) 225-9113
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Pittsylvania NAACP asks DEQ to refer MVP air permit to Air Pollution... https://www.chathamstartribune.com/news/article 52141b58-8018-11eb...

https://www.chathamstartribune.com/news/article_52141b58-8018-11eb-9948-9bd1a8856f32.html

Pittsylvania NAACP asks DEQ to refer MVP air permit to Air
Pollution Control Board

Mar 8, 2021

NAACP

FOUNDED

The Pittsylvania County Branch of the NAACP, the National Association for the Advancement of
Colored People, passed a resolution March 2 opposing immediate approval of an air permit
requested by the Mountain Valley Pipeline (MVP) for its proposed Lambert Compressor Station,
currently sited approximately two and a half miles east of Chatham. The group also approved a
written comment to DEQ on the draft air permit.

The resolution and comment request that Virginia’s Department of Environmental Quality refer
the draft air permit to the citizen Air Pollution Control Board. The referral would allow time for

1 of4 4/2/2021, 3:43 PM
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further consideration of air quality issues and concerns regarding environmental justice.

The Virginia Environmental Justice Act, adopted in 2020, defines environmental justice as “the
fair treatment and meaningful participation of all people ... in the development,
implementation, and enforcement of environmental laws, regulations, and policies. ...
Meaningful participation requires that affected and vulnerable community residents have
access and opportunities to participate in the full cycle of the decision-making process about a
proposed activity that will affect their environment or health and decision makers will seek out
and consider such participation, allowing the views and perspectives of community residents to
shape and influence the decision.”

According to the group’s written comment to DEQ, “Despite MVP and DEQ having
acknowledged that the Lambert Compressor Station has the potential to affect communities of
color, MVP’s environmental justice consultant did not contact us, the local Pittsylvania Branch
NAACP, at all, and neither MVP nor DEQ contacted us until December 2020. We strongly hold
that affected and vulnerable community residents of Pittsylvania County have not had access
and opportunities to participate in the full cycle of the decision-making process about the MVP
Southgate project, including the Lambert Compressor Station.”

The Lambert Compressor Station is part of the MVP Southgate Extension, a pipeline project
conditionally certified by the Federal Energy Regulatory Commission June 18, 2020, to transport
fracked gas through Pittsylvania County to North Carolina for use in that state only.

The conditional FERC certificate requires that MVP obtain necessary approvals and permits for
the MVP Mainline before beginning construction on the Southgate project. The MVP Mainline, if
completed, would deliver fracked gas from Wetzel County, West Virginia, to Transcontinental
Pipe Line Company, LLC’s (Transco) Compressor Stations 165 and 166 in Pittsylvania County for
distribution to the Southeastern U.S.

Though some of the MVP Mainline has been constructed in northern Pittsylvania County, the
company lacks key federal permits. Stop work orders prevent MVP from crossing streams or
attempting to install pipe on steep mountain slopes in Virginia and West Virginia.

On Jan. 7, 2020, the fourth Circuit Court of Appeals revoked a similar air permit issued to
Dominion Energy for a compressor station in the predominantly African American community
of Union Hill in Buckingham County despite stringent air quality requirements, stating, “What
matters is whether the (Air Pollution Control Board) has performed its statutory duty to
determine whether this facility is suitable for this site, in light of [environmental justice| and
potential health risks for the people of Union Hill. It has not.”

2 of 4 4/2/2021, 3:43 PM
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How Does EPA Use EJSCREEN? | EJSCREEN: Environmental Justice ... https://www.epa.gov/ejscreen/how-does-epa-use-ejscreen

1 of2

An official website of the United States government.
S EPA st mowcon
How Does EPA Use EJSCREEN?

Environmental Justice Mapping and Screening at EPA

EJSCREEN Uses

Uses of EJSCREEN

EPA uses EJSCREEN as a preliminary step when considering environmental justice in certain situations. The
agency uses it to screen for areas that may be candidates for additional consideration, analysis or outreach as
EPA develops programs, policies and activities that may affect communities. In the past, the agency
employed EJ screening tools in a wide variety of circumstances.

A few examples of what EJSCREEN supports across the agency include:

¢ Informing outreach and engagement practices
e Implementing aspects of the following programs:
o permitting
o enforcement
o compliance
o voluntary
¢ Developing retrospective reports of EPA work
¢ Enhancing geographically based initiatives

EJSCREEN is not used by EPA staff for any of the following:

As a means to identify or label an area as an "EJ community"

To quantify specific risk values for a selected area

To measure cumulative impacts of multiple environmental factors

As a basis for agency decision-making or making a determination regarding the existence or absence
of EJ concerns

EPA hopes to refine our uses of EISCREEN as we build upon lessons learned and as we receive feedback

4/2/2021, 3:44 PM



How Does EPA Use EJSCREEN? | EJSCREEN: Environmental Justice ... https://www.epa.gov/ejscreen/how-does-epa-use-ejscreen

from our stakeholders and governmental partners.

LAST UPDATED ON AUGUST 10, 2016
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EXECUTIVE SUMMARY

cross the United States, the health and safety of
people who live, work, play, and learn near thou-
sands of industrial and commercial facilities that
use or store extremely dangerous chemicals is at
risk of a major chemical release or explosion at
any time. Compared to national averages, a significantly
greater proportion of Blacks (African Americans), Latinos
(Hispanics), and people at or near poverty levels tend to
live in close proximity to the most hazardous facilities.
Compounding these risks, a large and growing body of
research has found that people of color and those living
in poverty are exposed to higher levels of environmental
pollution than Whites or people not living in poverty.

Exposure to toxic air pollution and stress related to fear
of potential chemical disasters increase the health burden
on these communities. These hazards are amplified by
other negative socioeconomic and health factors, including
higher rates of diseases such as diabetes and asthma; lack
of access to healthy foods; exposure to toxic chemicals

in products sold at discount retail stores; substandard
housing; and stress from racism, poverty, unemployment,
and crime; among other factors. Addressing the cumulative
impacts of these various environmental health risks and
social determinants of health on these overburdened com-
munities is the foundation of Environmental Justice (EJ).

The research reported here builds on many previous
reports and studies, as well as a robust and expanding
body of scientific and technical literature, on Environ-
mental Justice and social determinants of health. We
examined who is potentially impacted, and their health
risks from multiple chemical hazards and toxic air pollu-
tion exposures, in the following areas: Los Angeles, as
well as Kern, Fresno, and Madera counties, CA; Houston
and Dallas, TX; Louisville, KY; Albuquerque, NM;

and Charleston, WV.

Two-thirds of people in Louisville (pictured above) live
near high-risk chemical facilities, a common situation in
communities like those studied for this report.

We looked at several interconnected issues:

* Who lives in close proximity to the most hazardous
industrial and commercial facilities (and is therefore
at greatest risk from a major chemical release or
explosion)?

* What are the cancer risks and the potential for
respiratory illness from toxic air pollution exposure
for those living in a “fenceline zone” within 3 miles
of a hazardous facility?

* Do these communities have access to healthy foods?

* Where are critical institutions—schools, hospitals,
and discount retail (“dollar”) stores—Ilocated in these
fenceline areas?
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OVERALL FINDINGS

The results of the analyses conducted for this report
demonstrate that the health and safety of communities
closest to some of the nation’s most dangerous industrial
and commercial facilities are at risk from multiple threats,
including potential chemical releases or explosions, daily
exposure to toxic air pollution, and poor nutrition from

a lack of access to healthy foods (along with other hazards
and impacts not specifically studied here). The population
of these fenceline areas is disproportionately Black, Latino,
and living in poverty. Many of these communities also rely
heavily, or solely, on dollar stores for household necessities
and in some cases food, making these retailers potential
sources of either additional toxic exposures or safer products
and healthier foods (depending on the corporate policies
they implement or fail to adopt).

Analysis of the 9 areas studied for this report clearly
shows that:

1. In most of the areas researched, large majorities
of the population live in fenceline zones around
highly hazardous facilities, and most schools and
medical institutions are located in these zones,
at much greater rates than nationally. In 7 of the
9 areas researched for this report, two-thirds of the
population or more live in fenceline zones (much
greater than the national rate of 39%). In most of
the areas studied, at least two-thirds of all schools
and 70% of medical facilities are located in fenceline
zones (compared to 45% of US schools and 39%
of US hospitals and nursing homes).

2. Fenceline zones around hazardous facilities
are disproportionately Black, Latino, and impov-
erished. The percentage of Blacks or Latinos living
within 3 miles of a Risk Management Plan (RMP)
facility was higher than for the entire area in every
study area, and often much higher than for the
US as a whole. In 7 of the 9 areas researched, the
percentage of people living in poverty within 3 miles
of an RMP facility is higher than for those living in
poverty in the entire area, and often much higher
than for the US as a whole.

3. People living in hazardous facility fenceline zones
face multiple health hazards and risks. In addition
to the constant threat of catastrophic chemical releases
or explosions, in every area researched for this report

fenceline zones face higher risk of cancer from toxic
air pollution than the entire area (and often much
higher than for the US as a whole). In 8 of the 9
areas, the potential for respiratory illness is higher
in fenceline zones than for the entire area, and in
every area is above the national rate. The percentage
of fenceline zone residents who also live in a low-
income/low food access area is higher than for

the entire city or county in all 9 areas (and two

to three times the national rate in most areas).

4. The most vulnerable neighborhoods—areas
that are both low-income and have low access
to healthy foods—are even more heavily and dis-
proportionately impacted. In every area studied,
low-income/low food access areas within fenceline
zones have higher poverty rates, greater percentages
of residents who are people of color, and higher
cancer risk and respiratory hazard from toxic air
pollution than for the whole fenceline zones or
the entire city or county, often much higher.

In comparing data from the fenceline zone areas with
the entire urban area or county, overall key findings for
the 9 areas researched include:

¢ In 7 of the 9 areas, more than two-thirds of the
population (over 67%) lives in a fenceline zone
(within three miles of a facility that is part of the
US Environmental Protection Agency’s Risk
Management Program for the most hazardous
facilities), a much higher rate than the 39% of the
US population that lives in such fenceline zones.

* In 7 of the 9 areas researched, the percentage of
people living in poverty within 3 miles of an RMP
facility is higher than for those living in poverty
in the entire area (and in the other two areas the
poverty rate is equal).

* In all of the communities studied, the percentage
of people living in areas with Low Incomes and Low
Access to healthy foods (LILA areas) within 3 miles
of an RMP facility is higher than the percentage
of residents of the entire community who live in
low-income/low food access areas, and in some
cases substantially higher.

* In 8 of the 9 areas studied, 71% to 100% of people
who live in low-income areas that also have low
access to healthy foods also live within a hazardous
facility fenceline zone.
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Members of Texas Environmental Justice Advocacy Services (tejas) and other organizations demand action to prevent
chemical disasters at a federal Listening Session on chemical facility safety in Houston, TX.

IN 8 OF THE 9 AREAS STUDIED,
71% to 100% of people who live in low-
income areas that also have low access to
healthy foods also live within a hazardous

facility fenceline zone.

¢ The percentage of Blacks or Latinos living within
3 miles of an RMP facility was higher than for the
entire area in all of the study areas, and this differ-
ence rises significantly in areas with low incomes
and low access to healthy foods within many
fenceline zones.

* Cancer risks in fenceline zones are higher than for
the entire area in all 9 areas studied, and the potential
for suffering respiratory illness from exposure to
toxic air pollution is higher in fenceline zones in
8 of the 9 areas. For people living in areas with low
incomes and low access to healthy foods within
fenceline zones, these risks increase further in all
9 areas studied.

* At least two-thirds of all schools are located within
3 miles of an RMP facility in 6 of the 9 areas.

e At least half of all medical facilities are located
within 3 miles of an RMP facility in all but one
area. At least 70% of medical facilities are located
in these fenceline zones in 6 out of the 9 areas.

NATIONAL FINDINGS

* About 124 million people, 39% of the U.S.
population, live within three miles of approximately
12,500 high-risk chemical facilities (those in the
RMP program).

* Almost half (45%) of the approximately 125,000
schools in the US are located within 3 miles of
RMP facilities. This puts more than 24 million
children as well as staff at these schools at particular
risk from a catastrophic chemical facility incident.

e About 4 in 10 (39%) of the almost 11,000 medical
facilities (hospitals and nursing homes) in the US
are near RMP facilities. A major chemical facility
incident near these medical facilities could have
catastrophic impacts on patients and staff.

¢ Almost one-half (about 13,000) of the almost
27,000 dollar stores owned by the largest US chains
are located within three miles of an RMP facility.
Toxic chemicals in products and unhealthy foods
available at these stores add to the potential health
impacts on fenceline communities.
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KEY URBAN AREA OR COUNTY FINDINGS
Los Angeles, California

* More than 8.7 million people, or 72% of people

in Los Angeles, live within 3 miles of the area’s

141 RMP facilities, which is 85% higher than

the national rate.

In areas with low incomes and low access to healthy
foods within the fenceline zones around RMP
facilities, Latinos make up more than two-thirds
of the population, which is 42% greater than the
percentage of Latinos in Los Angeles. Also, the
percentage of Blacks in areas with low incomes and
low access to healthy foods within the 3-mile zones
is 44% greater than for the LA area as a whole.

Fresno County, California

* Almost 637,000 people, or 68% of Fresno County

residents, live within 3 miles of the 77 RMP facilities
there, a 73% increase over the national rate.

The percentage of Latinos in areas with low incomes
and low access to healthy foods within fenceline
zones is 23% greater than for Latinos in Fresno
County overall.

Kern County, California

* Almost 581,000 people, or 68% of Kern county

residents, live within 3 miles of the county’s 97
RMP facilities, a 74% increase over the national rate.
While Latinos represent just over 50% of the county’s
population, 65% of people living in areas with

low incomes and with low access to healthy foods
within the 3-mile fenceline zones are Latino,

which is 29% higher than the full county.

Madera County, California

4

* 100% of people living in areas with low incomes and

low access to healthy foods also live within 3 miles
of an RMP facility, more than twice the percentage
of Madera County residents who live within the
fenceline zones (47%).

The potential for suffering respiratory illness from
toxic air pollution exposure is 33% higher for those
living within 3 miles of an RMP facility compared
to Madera County overall. Those in areas with low
incomes and low access to healthy foods within the
fenceline zones face a 24% higher cancer risk from
air pollution, which is the highest risk of all 9 areas
included in this report.

Louisville, Kentucky

* More than 600,000 people, or 67% of Louisville
residents, live within 3 miles of the area’s 23 RMP
facilities, a 72% increase over the national rate.
Ninety-two percent of people living in areas with
low incomes and low access to healthy foods live
within these fenceline zones, a 37% increase
compared to all Louisville residents living within
3 miles of an RMP facility.

* The percentage of people living in poverty in areas
with low incomes and low access to healthy foods
within 3 miles of an RMP facility is 94% greater
than for Louisville overall. The percentage of Blacks
living in low-income/low food access areas within
fenceline zones is twice that of Louisville as a

whole (39% compared to 18%).

Albuquerque, New Mexico

* The potential for suffering respiratory problems from
toxic air pollution exposure is 25% higher for those
in areas with low incomes and low access to healthy
foods within RMP facility fenceline zones compared
to Albuquerque overall, while cancer risk from air
pollution is 10% higher.

* The percentage of Latinos in areas with low incomes
and low access to healthy foods within fenceline zones
is 32% greater than for Albuquerque overall, and is
more than twice the rate for whites in these areas.

Dallas, Texas

* Almost 3.5 million people, or 72% of Dallas resi-
dents, live within 3 miles of the area’s 108 RMP
facilities, an 85% increase over the national rate.

* While Latinos make up less than one-third Dallas’s
population, more than half of people in areas with
low incomes and low access to healthy foods within
the 3-mile fenceline zones are Latino, a 62%
increase. The percentage of Latinos in these areas
is more than twice the rate for whites.

Houston, Texas

* Almost 3.6 million people, or three-quarters of
Houston residents, live within 3 miles of the 191
RMP facilities in the area, a 92% increase above
the national rate.

* Seventy-eight percent of all Houston medical
facilities and 72% of schools are within 3 miles
of an RMP facility.
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Charleston, West Virginia

* Seventy percent of people in Charleston live within
3 miles of an RMP facility, an 80% increase over
the national rate.

* People living in Charleston face the highest cancer
risk from toxic air pollutants of all 9 areas included
in this report. Those risks increase further for those
living within 3 miles of an RMP facility in areas
with low incomes and with low access to healthy

foods.

RECOMMENDATIONS AND SOLUTIONS
Ensure that facilities that use or store hazardous
chemicals adopt safer chemicals and processes. Switch-
ing to inherently safer chemicals and technologies—which
removes underlying hazards - is the most effective way

to prevent deaths and injuries from chemical disasters

(as well as eliminate ongoing emissions of the replaced
chemicals).

Ensure that facilities share information on hazards

and solutions, and emergency response plans, with
fenceline communities and workers. Facility employees
and fenceline communities can only participate effectively
in their own protection if they have full access to informa-
tion and meaningful access to decision-making processes.
First responders must know what hazards they face.

Require large chemical facilities to continuously
monitor, report and reduce their fenceline-area emis-
sions and health hazards. Unplanned, smaller releases

of toxic chemicals often precede more serious incidents

at chemical facilities and may themselves directly impact
the health of people living in nearby communities. Con-
tinuous, publicly available monitoring of air emissions will
improve community knowledge of hazards and potentially
help prevent minor issues from leading to major disasters.

Prevent the construction of new or expanded chemical
facilities near homes and schools, and the siting of
new homes and schools near facilities that use or store
hazardous chemicals. The siting of new facilities that

use or store hazardous chemicals, or expansion of existing
ones, near homes, schools, or playgrounds significantly
increases the possibility that a chemical release or explo-
sion will result in a disaster. Similarly, new homes, schools,
and playgrounds should not be sited near hazardous
facilities.

Michele Roberts of Coming Clean and the Environmental Justice

Health Alliance supports action to remove chemical hazards.

Require publicly accessible, formal health-impact
assessments and mitigation plans to gauge the camulative
impact of hazardous chemical exposures on fenceline
communities. Federal, state, and local agencies should
assess, with full participation by the affected communities,
the potential impact of unplanned chemical releases and
the cumulative impacts of daily air-pollution exposures

on the health of fenceline communities.

Strengthen the enforcement of existing environmental
and workplace health and safety regulations. Congress
should increase funding to the EPA, OSHA, and the states
for expanding inspections and improving the enforcement
of environmental and workplace health and safety laws,

so that problems in chemical facilities can be identified
before they lead to disasters.

Dollar store chains should develop and implement
broad policies to identify and remove hazardous chemi-
cals from the products they sell, stock fresh and healthy
foods, and source safer products and foods locally and
regionally. Given their presence in many communities

of color and low-income fenceline communities, the
largest dollar store chains are in a unique position to
benefit the health and welfare of these communities where
they operate, while growing and benefiting their own busi-
nesses, by providing safer products and healthier foods.
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CHAPTER ONE
INTRODUCTION

cross the United States, the health and safety of

people who live, work, play, learn, and pray near

thousands of industrial and commercial facilities

that use or store extremely dangerous chemicals

is at risk of a major chemical release or explosion
at any time.

Approximately 124 million people across the United
States, almost 40% of the US population, live within
three miles of high-risk chemical facilities.! Their health,
wellbeing, and even cultures are endangered by the threat
of a catastrophic explosion or release, and other determi-
nants of health, including lack of access to healthy foods,
and daily exposure to toxic chemicals released into the air
by industrial facilities, from everyday household products,
and from building materials used to construct their
homes.

Previous research found that these “fenceline” areas nearest
hazardous facilities are often primarily composed of low-

income people of color, especially Blacks (African Americans)
and Latinos (Hispanics).>* Exposure to toxic air pollution*
and stress related to fear of potential chemical plant disasters

What is Environmental Justice?

nvironmental Justice—as both a principle and a

movement—arose in response to disproportionate

exposure of communities of color and low-income
communities (referred to as Environmental Justice com-
munities) to harmful pollution, toxic sites and facilities,
and other health and environmental hazards. While these
people and communities have known about the hazards
they face for a long time, beginning in the early 1980s
new research helped document these harms and support
action to address them. Grassroots leaders in many EJ
communities began organizing and networking to address
disproportionate toxic impacts wherever people live, work,
play, learn, or worship. In 1991, the First National People

increase the health burden on these Environmental
Justice (EJ) communities. These hazards are amplified

by other negative socioeconomic and health factors,
including higher rates of diseases such as diabetes and
asthma, substandard housing, stress from racism, poverty,
unemployment, and crime, among other factors.’

Adding to the health burden for these communities are
harmful chemicals in foods and household products often
found in discount retailers (“dollar stores”)® and lack of
access to healthier foods.” Dollar stores are often located
in small rural towns or in urban neighborhoods where
they might be the only place to buy essential household
items, including food. For example, Family Dollar has
specifically targeted areas where they may be the only store
selling food.* Many communities served by dollar stores
are predominantly communities of color or low-income
communities that have reduced access to quality medical
care, fresh and healthy food, and public services, which
are critical to overall health and to withstanding chemical
exposures. Because of their presence in so many fenceline
communities, dollar stores are in a unique position to
either contribute to the health burden faced by these

of Color Environmental Leadership Summit adopted

17 Principles of Environmental Justice. Over the past

40 years, EJ organizing has led to President Clinton’s
Executive Order on Environmental Justice, to the estab-
lishment of EPA’s Office of Environmental Justice and
National Environmental Justice Advisory Council, to the
adoption of some form of EJ policies in many states,
and to concrete actions to protect EJ communities from
environmental health hazards. However, disproportionate
toxic threats are still a daily fact of life in communities
of color, low-income communities, and Indigenous com-
munities across the United States, which Environmental
Justice organizations work to address.
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Residents of Wilmington, DE are campaigning for solutions to toxic air pollution and high-risk chemical facilities in their community.

communities, or help to provide solutions (by stocking
healthier foods and safer products).*

This report builds on a substantial body of previous
Environmental Justice research. From its beginning, the
Environmental Justice movement has worked to assess
and address cumulative health, environmental, and social
impacts’ that disproportionately impact communities

of color, low-income communities, and Indigenous com-
munities. For more than twenty-five years, Environmen-
tal Justice researchers and organizers have documented
disproportionate impacts and advocated for changes

to address these inequities. Many reports and articles

document their results and successes.!®111213.14

In response to Environmental Justice organizing, in

1994 President Bill Clinton issued Executive Order 12898
on Environmental Justice (“Federal Actions to Address
Environmental Justice in Minority Populations and Low-
Income Populations”) which directed each federal agency

to “make achieving environmental justice part of its mis-
sion by identifying and addressing, as appropriate, dispro-
portionately high and adverse human health or environ-
mental effects of its programs, policies and activities on

minority populations and low-income populations...”."

The EJ Executive Order continues to inform federal policy
making and enforcement over twenty years later, despite
attempts by the Administration of George W. Bush to
remove race from consideration in US Environmental
Protection Agency (EPA) environmental justice determi-
nations.'® EPA now defines Environmental Justice as “the
fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income, with
respect to the development, implementation, and enforce-
ment of environmental laws, regulations, and policies.”"”
However, the Agency also clarifies that “no group of people
should bear a disproportionate share of the negative
environmental consequences resulting from industrial,

governmental and commercial operations or policies.”'®

* Throughout this report, “dollar stores” refers generally to discount retail stores, which are primarily those operated by the largest US discount
retail chains (Dollar General and Dollar Tree, which also owns Family Dollar), and is not meant to indicate any one specific company. Any direct

references to specific companies or their stores list the company by name.
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EPA’s current Environmental Justice Strategic Plan (E]
2020 Action Agenda) recognizes disproportionate impacts
on communities of color, low-income communities, and
Indigenous communities, and commits the Agency to
“achieving better environmental outcomes and reducing

disparities in the nation’s most overburdened communities.”"’

EJHA’S EFFORTS TO PREVENT
chemical disasters unite communities at the
fenceline of hazardous chemical facilities with
facility employees, supported by national
advocates and experts. Key prevention
measures include disclosure of information
on hazards and alternatives, community

and worker involvement, and transition

to safer chemicals and processes.

Responding to the urgent need for action to address

the numerous hazards and harms that disproportionately
affect people of color and low-income people, the Envi-
ronmental Justice Health Alliance for Chemical Policy
Reform (EJHA) has networked community organizations
across the United States to organize and campaign for
solutions. EJHA works to address the multiple harms
caused by the hazardous chemical and energy industries—
including waste, pollution, and health hazards—that dis-
proportionately target and impact communities of color,
Indigenous communities, and low-income communities.
These communities along the “fenceline” of industry are
exposed to multiple hazards at high rates, and have the
least resources to influence and respond.

EJHA’s efforts to prevent chemical disasters unite commu-
nities at the fenceline of hazardous chemical facilities with
facility employees, supported by national advocates and
experts. Key prevention measures include disclosure of
information on hazards and alternatives, community and
worker involvement, and transition to safer chemicals and
processes. As the E] movement has demonstrated, and
EJHA agrees, these solutions can also help to mitigate the
worsening climate crisis (which also disproportionately
affects already overburdened communities).

EJHA’s Campaign for Healthier Solutions (CHS) encourages
discount retailers (dollar stores) to protect their customers,
workers, and the communities in which they operate, and
grow their businesses, through corporate policies to identify
and phase out harmful chemical substances in the products
they sell (which are often produced in countries such as
China, and then transported to the US). The campaign
asks dollar stores to stock safer products and healthier
foods, especially when these can be sourced from local
farms, community businesses, or cooperatives, in order

to support the communities where their stores operate.

The research reported here builds on many previous reports
and studies, as well as a robust and expanding body of
scientific and technical literature on Environmental Justice
and social determinants of health, including the 2014
EJHA report Whos in Danger? Race, Poverty, and Chemical
Disasters. We examined the following areas: Los Angeles,
as well as Kern, Fresno, and Madera counties, CA; Houston,
TX; Dallas, TX; Louisville, KY; Albuquerque, NM;
Charleston, WV. The areas selected for inclusion in this
report have community-based advocacy efforts underway
to address the large numbers of industrial and commercial
facilities with hazardous chemicals, high environmental
pollution levels, as well as the large numbers of dollar stores
and lack of access to healthy foods in their communities.

In order to understand who is potentially impacted and
the health risks from the multiple hazards and exposures
in these communities, we looked at several interconnected
issues:

* Who lives in close proximity to the most hazardous
facilities? Specifically, what is the demographic
profile of people living within 3 miles of high-risk
chemical facilities included in the EPA Risk
Management Plan (RMP) program?

* What are the cancer risks and the potential for
respiratory illness from toxic air pollution exposure
for those living within these 3-mile fenceline areas?

* Do these communities have access to healthy foods?
What is the demographic profile of those living in
areas within these fenceline zones that are considered
low income and with low access to healthy foods?

* Where are critical institutions (schools, hospitals,
and dollar stores) located within the fenceline areas

in these communities?

Although the analysis for this report did not look specifically

at the age or condition of housing in these communities,
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previous research has extensively documented that many
communities of color and low-income communities suffer
from a lack of access to safe and quality housing, which

in turn negatively impacts health. According to the US
Surgeon General, “Many of the disparities in health status
among subpopulations may be linked to poor access to
safe and healthy homes, which is most prevalent among
lower income populations, populations with disabilities,
and minority populations.”

Not only are “blacks and low-income people . . . more
likely than the general population to be in housing that
has extreme physical problems,”*" it is also true that “low-
income people and African Americans are much more
likely to be exposed to, and therefore suffer, the effects
of poor indoor air quality than the general population.”*
Indoor toxic exposures may include chemicals such as
formaldehyde or volatile organic compounds released
from building materials; lead released from paint, water
pipes, or other sources; and chemicals released from

furniture and everyday household or consumer products.”

We encourage additional research into the multiple
hazards and stressors that affect communities near the
fenceline of hazardous facilities, and environmental
justice communities in general, including the availability,

quality, and safety of housing,.

FENCELINE COMMUNITIES FACE

MULTIPLE ENVIRONMENTAL HAZARDS
AND HEALTH RISKS

Hazardous Chemical Facilities

Hazardous chemical releases from industrial and com-
mercial facilities into surrounding communities are all
too common. The EPA’s Risk Management Plan program
(RMP) covers about 12,500 of the nation’s most high-risk
facilities that produce, use, or store significant amounts
of certain highly toxic or flammable chemicals. These
facilities must prepare plans for responding to a worst-
case incident such as a major fire or explosion that releases
a toxic chemical into the surrounding community. The
chemical disaster zones for these facilities often extend up
to 25 miles or more and include hundreds of thousands
of people, hundreds of schools, many hospitals, and
thousands of small and large businesses. Collectively,
these facilities endanger as many as 177 million people.*

The EPA estimates that about 150 “reportable” incidents
of unplanned chemical releases (separate from the daily
toxic emissions that are allowed under most operating
permits) occur each year at RMP facilities. The EPA notes
that these incidents “pose a risk to neighboring communities
and workers because they result in fatalities, injuries, sig-
nificant property damage, evacuations, sheltering in place,
or environmental damage.”” EPA records show that from

Members of Rubbertown Emergency ACTion (REACT) work to stop toxic air pollution in Louisville.
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TABLE 1
Top Five States with the Most RMP Facility Incidents Over Five Years

RMP Facilities Incidents Injuries Evacuated Property Damage
Texas 1,457 178 185 12,277 $644,367,042
Louisiana 327 ns 222 9,706 $216,709,465
California 863 75 15,098 75,526 $9,081,573
Illinois 918 58 46 173 $5,354,288
Oklahoma 304 57 20 54 $36,270,405

Over 1in 10 RMP facilities in the US are located in Texas. Over five years, Louisiana had 1 reported chemical incident for every

three RMP facilities in the state.

Source: RTKNET. RMP facilities and accidents by state, compiled from data last released on January 31, 2017 obtained from EPA’s Risk Management System database.
http./www.rtk.net/rmp/tables.php?tabtype=t3&subtype=a&sorttype=inc, search done on May 15, 2018.

2004-2013 there were more than 1,500 chemical releases
reportable under the RMP program, about 500 of which
had off-site impacts (or about one release with off-site
impacts every week). These incidents caused nearly 60
deaths, 17,000 injuries and requests for medical treatment,
almost 500,000 people evacuated or sheltered-in-place,
and more than $2 billion in property damages, even
though the decade studied did not include a truly cata-
strophic incident.”® Chemical releases can also seriously
disrupt local economies and cause severe economic
damage. The Freedom Industries toxic spill into the Elk
River near Charleston, WV, in January 2014 cost local
businesses and the local economy $19 million a day.”

In January 2017, the EPA adopted revisions to its chemi-
cal facility safety (RMP) rule that could prevent disasters
and improve the ability of communities to prepare for—
and respond to—incidents at these dangerous facilities.”®
However, implementation of the revised RMP rule was
placed on hold by the Trump Administration EPA, which
delayed the rule’s implementation until February 19,
2019% and on May 17, 2018 proposed to roll back
almost all of these modest safety improvements.*

People living nearest to these high-risk chemical facilities
(known as the fenceline areas or zones), and the businesses,
schools, and hospitals in these areas, are especially at risk
from disasters. They are at greatest risk of immediate death
or injury, are likely to be exposed to the highest level of
toxic chemicals released, and have the least amount of
time to evacuate or otherwise protect themselves. In 2012,
a major explosion at the Chevron oil refinery in Richmond,
California resulted in over 15,000 residents seeking medi-
cal attention over the next several weeks, including 20
people who were hospitalized.’’ According to the US
Chemical Safety Board, a major release of highly toxic

PEOPLE LIVING NEAREST TO
these high-risk chemical facilities (known
as the fenceline areas or zones), and the
businesses, schools, and hospitals in these

areas, are especially at risk from disasters.

hydrogen fluoride gas into the densely populated community
of Torrance, CA following an explosion at the Chevron
refinery there in 2015 was only avoided by chance.’

Several reports and studies have documented the dispropor-
tionate representation of low-income populations and
people of color in fenceline communities around hazardous
facilities. A 2001 study of chemical facilities in Florida
found that a significantly large proportion of both
non-White and impoverished individuals resided in
areas potentially exposed to multiple accidental releases.*
A 2004 study found that larger, more chemical-intensive
facilities tend to be located in counties with larger Black
populations and in counties with high levels of income
inequality. It also found a greater risk of incidents at
facilities in heavily Black counties.**

More recently, a 2014 report from the Environmental
Justice Health Alliance examined the demographics of the
populations in fenceline zones around 3,433 of the most
hazardous RMP facilities. The report, Who's in Danger?,
found that the percentage of Blacks in the fenceline zones
around those facilities is 75% greater than for the US as

a whole, while the percentage of Latinos in the fenceline
zones is 60% greater than for the US as a whole. Addi-
tionally, the poverty rate in these zones is 50% higher
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than for the US as a whole.*> A 2016 report from the
Center for Effective Government found that people of
color are almost twice as likely as Whites to live within
one mile of RMP facilities, with poor Black and Latino
children more than twice as likely to live in these areas
compared to white children who are living above the
poverty line. The report also found that chemical facilities
in communities of color have almost twice the rate of

incidents compared to those in predominately white
neighborhoods.*®

FIGURE 1
Sample Vulnerability Zone and Fenceline Zone

6 Miles

—————— >4
Up to 25 Miles

¢ Facility m FencelinewZone

Full Vulnerability Zone

BOX 1

“Fenceline Zones” in This Report

In this report, “fenceline zone” refers to areas within

3 miles of a facility included in the EPA’s Risk Manage-
ment Plan (RMP) program. The full chemical disaster
vulnerability zones for these facilities extend up to

25 miles. The vulnerability zones are calculated by the
companies themselves as part of worst-case chemical
release scenario analysis required under the RMP pro-
gram. The scenarios are projections that the chemical
facilities report to the EPA, and include the maximum
area of potential serious harm from a worst-case
release of chemicals. The people living or working
closest to these hazardous facilities, and the institutions
like schools and hospitals nearest to them, are at the
greatest risk from a chemical release or explosion and
have the least ability to quickly respond or evacuate.

Toxic Air Pollution

A large and expanding body of scientific literature has
documented the disproportionate exposure of people of
color, and particularly poor people of color, to high levels
of toxic air pollution and resulting health impacts. A 2006
study found that cancer risks associated with toxic air
pollution were highest in Census tracts located in 309
highly segregated metropolitan areas. Disparities in cancer
risks between racial/ethnic groups were also wider in more
segregated metropolitan areas.”” A recent national study
found that air pollution from industrial facilities is likely
to disproportionately impact low-income and nonwhite
communities, and that these disproportionalities become
even greater when considering the smaller group of facilities
that generate the majority of air pollution exposure risk
(“the worst-of-the worst”).*® Other studies have docu-
mented disproportionate cancer risks for low-income
people of color from exposure to toxic air pollution in
Baltimore,” Southern California,” and Houston,*! among
other locations. The higher air pollution exposure in E]J
communities compounds the impact of the dispropor-
tionate underlying health status in these communities.

For example, in the case of asthma, older Blacks are almost
three times more likely than whites to die from asthma-
related causes, and Black children die from asthma at
eight times the rate of white children.*

While most studies have separately examined the demo-
graphics of fenceline communities at risk of chemical
disasters or from daily toxic air pollution exposure, two
recent studies focused on Houston looked at both of
these hazards together. A 2014 study found that Houston
neighborhoods with a higher percentage of Hispanic
residents, lower percentage of homeowners, and higher
income inequality face significantly greater exposure to
both chronic and acute pollution risks.” A 2016 report
from the Union of Concerned Scientists and the Texas
Environmental Justice Advocacy Services (T.E.J.A.S.)
found that a substantially larger percentage of people
located within one mile of RMP facilities in two predomi-
nantly low-income Latino east Houston neighborhoods
face higher cancer risks and potential respiratory illness
when compared to two predominantly White and

wealthier west Houston communities.*

Toxic Chemicals in Household Products
Extensive research over several decades (including testing

of consumer and household products, household dust,
indoor air, and testing of human blood, urine, and hair
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samples) has proven that many chemicals used in everyday
consumer products, household products such as furniture,
building materials, cosmetics and personal care products,
and even food packaging are released into homes and
absorbed, ingested, or inhaled by people. Scientific studies
have linked many of these chemicals to serious health
problems, including cancer, learning disabilities and other
neurodevelopmental issues, obesity, reproductive health
effects, and more. Increasing pressure from consumers,
communities, scientists, medical professionals, and busi-
nesses has led many states, the federal government, and
even large retail companies like Walmart and Target to
take concrete actions to identify and remove hazardous
chemicals from everyday products.®

Most families buy consumer and household products,
including food, from local retail stores. Almost 27,000
discount retail stores (“dollar stores”)*® across the United
States belonging to the major dollar store chains (the
giants Dollar General and Dollar Tree/Family Dollar,
and smaller chains like 99 Cents Only) often serve as the
primary, or only, source of household products and food
for many low-income communities. Many communities
served by dollar stores are predominantly communities

of color or low-income communities that are already

Residents of Albuquerque (pictured above) and many other
fenceline communities depend on dollar stores for household
products and food.

INCREASING PRESSURE FROM
consumers, communities, scientists, medical
professionals, and businesses has led many
states, the federal government, and even large
retail companies like Walmart and Target to
take concrete actions to identify and remove

hazardous chemicals from everyday products.

disproportionately exposed to chemical hazards, health
effects linked to environmental pollution exposures, and
substandard or hazardous housing conditions. As noted
earlier, we looked at the presence of dollar stores in fence-
line zones near high-risk facilities along with other data
to better understand the range of hazards, health deter-
minants, and possible solutions faced by these “hot spot”
communities.

While retail competitors like Walmart* and Target* have
adopted comprehensive policies to know, disclose, and
address many chemicals of concern throughout their sup-
ply chains, the major dollar store chains have until recently
lagged behind in their efforts to address toxic chemicals

in the products they sell. Although the largest dollar store
chains have taken some limited steps to address some toxic
chemicals in their products mostly in response to federal
and state requirements, analyses of a sample of products
from these stores found high levels of toxic chemicals in
many products. A 2012 report found that 39% of vinyl
packaging sold by discount retailers contained levels

of cadmium or lead that violate state laws.*” The 2015
Campaign for Healthier Solutions report A Day Late and
a Dollar Short found that 81% of the dollar store products
tested contained at least one hazardous chemical above
levels of concern, compared to established standards based
on a sample of 164 products purchased from the major
chains. At least 71% of the products tested from each
dollar store chain contained one or more hazardous
chemicals above levels of concern.”

In June 2017, Dollar Tree disclosed that the company
had notified suppliers of its intent to eliminate seventeen
hazardous chemicals from the products it stocks by 2020,
including several chemicals not currently restricted by the
federal or state governments. This action by Dollar Tree is
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an important first step by a national discount retail chain,
and we encourage other chains to adopt similar actions.
Dollar Tree also needs to make its action more fully trans-
parent to customers and shareholders by disclosing the
letters it has sent to suppliers, and by publicly reporting
on progress toward its goals.

Lack of Access to Healthy Foods

Dollar stores are often the only source of food in many
low-income communities, including both urban and rural
areas. A lack of supermarkets in these communities, and
the typically limited availability of healthy foods offered in
discount retail stores, result in restricted access to healthy
foods.* Nationally, an estimated 52.5 million people,

or 17% of the US population, have low access to a super-
market.’! A review of studies of neighborhood differences
in access to food found that residents of neighborhoods
who have better access to supermarkets and limited access
to convenience stores tend to have healthier diets and
lower levels of obesity, and that residents of low-income,
minority, and rural neighborhoods are most often affected
by poor access to supermarkets and healthful foods.>**
Conversely, a lack of access to healthy foods has been
linked to higher levels of obesity® as well as hypertension
and diabetes™ and cancer.”® Nationally, the occurrence of
diabetes in Hispanic and Black people is 66% and 77%
higher, respectively, compared to non-Hispanic Whites,”
while obesity rates for Blacks and Hispanics are 47%

and 30% higher.”®

Research has found that communities comprised of low-
income residents and people of color often lack access to
the healthier foods available in supermarkets. A study of
28,000 US ZIP codes found that ZIP codes representing
low-income areas had only 75% as many chain supermar-
kets available as ZIP codes representing middle-income
areas. The availability of chain supermarkets in predomi-
nantly Black neighborhoods was found to be roughly
one-half that in their counterpart white neighborhoods,
with even less relative availability in urban areas. ZIP
codes with higher proportions of Hispanic residents had
only 32% as many chain supermarkets available as primarily
non-Hispanic neighborhoods.”” A review of studies on
neighborhood disparities in access to fast-food outlets and
convenience stores found that low-income neighborhoods
offered greater access to those food sources that promote
unhealthy eating.*

Ironically, agricultural workers may not only live in fence-
line zones near hazardous facilities, and be exposed to
toxic air pollution where they live as well as to hazardous
pesticides on the job,*! but also have low access to healthy
foods, even though they work to plant or harvest fresh
produce as farmworkers. For example, in the three central
California counties studied in this report (which are heavily
agricultural counties that contain many farms and large
populations of agricultural workers), the percentage of
low-income Latinos who live within 3 miles of a hazard-
ous chemical facility and also have low access to healthy
foods was 23% to 33% higher than the percentage of
Latinos in the county as a whole.

What We Studied

The analysis conducted for this study examined the
demographics of the populations, as well as locations

of schools, medical facilities (hospitals and nursing
homes), and dollar stores, in 9 metropolitan areas or
counties potentially impacted by a toxic chemical release
due to their close proximity to many hazardous chemical

BOX 2

What is a “LILA” Area?

Access to healthy foods is a critical factor for individual,
family, and community health. The US Department of
Agriculture’s (USDA) Economic Research Service notes
that “limited access to supermarkets, supercenters,
grocery stores, or other sources of healthy and afford-
able food may make it harder for some Americans to
eat a healthy diet.” USDA defines Low Access to healthy
food as “being far from a supermarket, supercenter,

or large grocery store.”

Income is also an important factor in family and
community health and wellbeing. The US Department
of Treasury defines Low-Income areas as those with
poverty rates of 20% or greater, or that meet other
criteria.

Some communities have Low Access to healthy
foods and are also Low Income. These Low-Access
and Low-Income areas are called LILA areas. More
background on LILA areas can be found at https./
www.ers.usda.gov/data-products/food-access-
research-atlas/documentation.

* We used a US Department of Agriculture definition of “lack of access to healthy foods,” which is not living within %2 mile of a supermarket in urban

areas, or within 10 miles of a supermarket in a rural area.
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RECOGNIZING THAT CHILDREN
and those in medical facilities would be
especially vulnerable during a chemical
release or explosion nearby, and are especially
vulnerable to toxic exposures, we assessed

the number of schools and medical facilities
within 3 miles of an RMP facility in these

communities.

facilities. We also assessed the additional health risks

from toxic air pollution as well the demographic profile
of the fenceline zones around hazardous facilities, and also
in areas within fenceline zones that are considered Low

Income and with Low Access to healthy foods (known
as LILA areas).

Analysis of the data from the six urban areas and the three
counties included in this report focused primarily on the
demographics of people living within 3 miles of high-risk
chemical facilities (i.e., fenceline areas). To assess additional
health risks in these fenceline communities, we examined
the cancer risks and respiratory hazards from toxic air
pollution, dollar store locations for potential exposure to
toxic chemicals from products (and as potential sources
of safer products and healthy foods), as well as low access
to healthy foods for those in low-income areas. Recogniz-
ing that children and those in medical facilities would be
especially vulnerable during a chemical release or explosion
nearby, and are especially vulnerable to toxic exposures,
we assessed the number of schools and medical facilities
within 3 miles of an RMP facility in these communities.

To assess the cancer risks and potential respiratory hazards
from residents’” exposure to toxic air pollution in the 9
areas, we used data from the EPA’s National Air Toxics
Assessment (NATA). The NATA was developed primarily
as a tool to inform both national and more localized efforts
to collect air toxics information and characterize emissions
(e.g., to prioritize pollutants or geographical areas of inter-
est for more refined data collection such as monitoring).
The 2011 NATA data, the most recent available, include
data for 140 toxic air pollutants from a broad spectrum

of sources including large industrial facilities, such as

refineries and power plants, and smaller sources, such as gas
stations, oil and gas wells, and chrome-plating operations.
Other pollution sources include cars, trucks, and off-road
sources such as construction equipment and trains, as well
as pollution formed by chemical reactions in the atmosphere.

The EPA calculates the amount of air pollution faced

by people at the census-tract level and then uses health
benchmarks to estimate cancer risks and respiratory health
hazards from the combined effect of those exposures.
Cancer risks are expressed as the projected number of
cancers per million people based on a 70-year lifetime of
exposure. The national average cancer risk is 40 cancers
per million people, based on the 2011 data. By comparison,
when the EPA sets pollution control limits for individual
toxic air pollutants under the Clean Air Act, the lifetime
cancer risk target for the general population is one
additional cancer per million people.

The Respiratory Hazard Index (RHI) represents the ratio
of pollutant levels compared to EPA benchmarks estab-
lished as not likely to cause non-cancer respiratory illnesses
based on a lifetime of exposure. An index value greater
than 1 indicates the potential for adverse health impacts,
with increasing concern for suffering respiratory health
effects as the value increases.

The cancer risk and respiratory hazard values are based on
numerous modeled data and therefore should be viewed
as estimates of average population risks and hazards rather
than exact risk numbers for a particular person. Although
NATA estimates cancer risks and non-cancer hazards for
numerous toxic air pollutants, additional chemicals might
exist that are not identified or for which data on these
health impacts are unavailable. Therefore, these risk and
hazard estimates represent only a subset of the total poten-
tial cancer and non-cancer risks associated with air toxics
exposures. These risk estimates also do not consider inges-
tion or the breathing of indoor sources of air toxics as an
additional exposure pathway. In other words, the actual
cancer risk and respiratory hazard from toxic pollution
faced by people living in the areas we researched is almost
certainly greater than these limited data show.

A full description of data sources and methodology can
be found in Appendix A.
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CHAPTER TWO
KEY FINDINGS

he results of the analyses conducted for this report

demonstrate that the health and safety of commu-

nities closest to some of the nation’s most dangerous

industrial and commercial facilities are at risk

from multiple threats, including potential chemical
releases or explosions, daily exposure to toxic air pollution,
and poor nutrition from a lack of access to healthy foods
(along with other hazards and impacts not specifically
studied here). The population of these fenceline areas is
disproportionately Black, Latino, and living in poverty.
Many of these communities also rely heavily, or solely,
on dollar stores for household necessities and in some
cases food, making these retailers potential sources of
either additional toxic exposures or safer products and
healthier foods (depending on the corporate policies
they implement or fail to adopt).

Analysis of the 9 areas studied for this report clearly

shows that:

1. In most of the areas researched, large majorities of
the population live in fenceline zones around highly

FIGURE 2
Increasing Hazards and Impacts

Our research found

that hazards and impacts
become more severe and
more disproportionate when
moving from the whole US
to the nine cities or counties
studied, to the fenceline zones
and low-income/low food
access areas within those
cities or counties, and
especially to LILA areas
(low-income areas with low
access to healthy foods)
within fenceline zones.

LILA Areas
within Fenceline
Zones

The areas within Fenceline
Zones that are low income
and have low access
to healthy foods.

hazardous facilities, and most schools and medical
institutions are located in these zones, at much greater
rates than nationally. In seven of the nine areas researched
for this report, two-thirds of the population or more
live in fenceline zones (much greater than the national
rate of 39%). In most of the areas studied, two-thirds
of all schools and 70% of medical facilities are located
in fenceline zones (compared to 45% of US schools

and 39% of US hospitals and nursing homes).

. Fenceline zones around hazardous facilities are dis-

proportionately Black, Latino, and impoverished. The
percentage of Blacks or Latinos living within 3 miles
of an RMP facility was higher than for the entire area
in every study area, and often much higher than for
the US as a whole. In 7 of the 9 areas researched, the
percentage of people living in poverty within 3 miles
of an RMP facility is higher than for those living in
poverty in the entire area, and often much higher

than for the US as a whole.

. People living in hazardous facility fenceline zones

face multiple health hazards and risks. In addition

Full City or County

Fenceline Zones

The parts of a city or
county that are within
3 miles of a Risk
Management Plan
(RMP) facility that uses
or stores highly toxic
or explosive chemicals.
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FIGURE 3
Population in Fenceline Zones
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In 7 of the 9 areas researched for this report, two-thirds of the
population or more live in fenceline zones near hazardous facilities
(much greater than the national rate of 39%, marked by the blue
horizontal line).

FIGURE 4
Schools in Fenceline Zones
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In 6 of the 9 areas studied, at least two-thirds of all schools are
located within 3 miles of a hazardous RMP facility (much greater than
the national rate of 45%, marked by the blue horizontal line).

FIGURE 5
Medical Facilities in Fenceline Zones
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In 6 of the 9 areas studied, at least 70% of hospitals and nursing
homes are located in fenceline zones (much greater than the national
rate of 39%, marked by the blue horizontal line).

to the constant threat of catastrophic chemical releases
or explosions, in every area researched for this report
fenceline zones face higher risk of cancer from toxic air
pollution than the entire area (and often much higher
than for the US as a whole). In 8 of the 9 areas, the
potential for respiratory illness is higher in fenceline
zones than for the entire area, and in every area is above
the national rate. The percentage of fenceline zone
residents who also live in a low-income/low food access
area is higher than for the entire city or county in all
9 areas (and two to three times the national rate in
most areas).

4. The most vulnerable neighborhoods—areas that
are both low income and have low access to healthy
foods—are even more heavily and disproportionately
impacted. In every area studied, low-income/low food
access areas within fenceline zones have higher poverty
rates, greater percentages of residents who are people
of color, and higher cancer risk and respiratory hazard
rates from toxic air pollution than for the whole
fenceline zones or the entire city or county, often
much higher.

In comparing data from the fenceline zones with the

entire urban area or county, key findings include:

¢ In 7 of the 9 areas we researched, more than two-thirds
of the population (over 67%) lives in a fenceline zone
within 3 miles of a facility that is part of the EPA’s
Risk Management Program (RMP), and sometimes in
more than one such zone. Nationally, 39% of the US
population lives within 3 miles of an RMP facility.

* In 7 of the 9 areas researched, the percentage of
people living in poverty within 3 miles of an RMP
facility is higher than for those living in poverty
in the entire area (and in the other two areas the
poverty rate is equal).

* In all of the communities studied, the percentage
of people living in areas with Low Incomes* and Low
Access to healthy foods (known as LILA areas) within
3 miles of an RMP facility is higher than the percentage
of residents of the entire community who live in low-
income/low food access areas, and in some cases
substantially higher.

* In 8 of the 9 areas studied, 71% to 100% of people
who live in low-income areas that also have low access
to healthy foods also live within a hazardous facility
fenceline zone.

* The US Department of Health and Human Services defines “low income” as incomes less than twice that of the national poverty income guideline
(e.g., $49,200 for a family of 4). Source: https./aspe.hhs.gov/poverty-guidelines.
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¢ The percentage of Blacks or Latinos living within
3 miles of an RMP facility was higher than for the
entire area in all of the study areas, and this difference
rises significantly in areas with low incomes and low
access to healthy foods within many fenceline zones.

* Cancer risks in fenceline zones are higher than for the
entire area in all 9 areas, and the potential for suffering
respiratory illness from exposure to toxic air pollution
is higher in fenceline zones in 8 of the 9 areas. For
people living in areas with low incomes and low access
to healthy foods within fenceline zones, these risks
increase in all 9 areas.

* At least two-thirds of all schools are located within 3
miles of an RMP facility in 6 of the 9 areas (compared
to 45% nationally).

FIGURE 6
Race in Fenceline Zones
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In 7 of the 9 areas studied, the percentage of fenceline zone residents
who are people of color is much higher than the percentage of people
of color in the whole US population.

FIGURE 7
Poverty in Fenceline Zones
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The poverty rate within fenceline zones in all nine of the cities or
counties we studied is higher than the national rate of 13.5% (marked
by the horizontal blue line). In 7 of the 9 areas researched, the per-
centage of people living in poverty within 3 miles of an RMP facility
is higher than for those living in poverty in the entire area, and

often much higher than for the US as a whole.

* At least half of all medical facilities (hospitals and
nursing homes) are located within 3 miles of an RMP
facility in all but one area. At least 70% of medical
facilities are located in these fenceline zones in 6 out
of the 9 areas. Nationally, only 39% of medical facilities
are in fenceline zones.

e In 8 of the 9 areas, at least two-thirds (68%) of dollar
stores are located within fenceline zones (compared
to less than half of all dollar stores nationally).

FIGURE 8
Cancer Risk from Air Pollution in Fenceline Zones
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The EPA estimates that the national average risk of cancer from a
lifetime of exposure to toxic air pollution at 2011 levels is 40 cancers
per million people. Within fenceline zones in the 9 cities or counties
we studied, the risk is the same or higher in every case, and often
much higher. Cancer risks within fenceline zones in these cities or
counties are higher than for the entire area in all 9 areas studied.

FIGURE 9
Respiratory Hazard in Fenceline Zones
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The EPA assesses risk of non-cancer respiratory illness from air
pollution using its Respiratory Hazard Index (see Appendix A for more
on RHI). In 8 of the 9 areas studied, the potential for respiratory illness
is higher in fenceline zones than for the entire area. In every area
studied, the RHI in fenceline zones is above the national index value
of 1.8. It is important to note that even the national RHI is 80% greater
than the level of toxic air pollution exposure that would represent

no health concern (an index value of 1).
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CHAPTER THREE
RESULTS

THE NATIONAL SCOPE

PA’s Risk Management Plan (RMP) program includes

approximately 12,500 industrial and commercial

facilities that produce, use, or store significant quan-

tities of certain highly toxic and flammable chemicals.

These facilities pose serious risk to nearby residents,
workers, and businesses because a major incident would
result in deaths, injuries, significant property damage,
evacuations, sheltering in place, or environmental damage.
Almost 124 million people (39% of the US population)
live within 3 miles of an RMP facility.

Almost half (45%) of the approximately 125,000
schools in the US are located within 3 miles of RMP
facilities.® This puts more than 24 million children
as well as staff at these schools at particular risk from a
catastrophic chemical facility incident. For example, the
West Middle School in West, TX was severely damaged
by an explosion at a fertilizer storage facility on April 17,
2013. A greater tragedy was averted only because the
explosion happened during the night rather than
during school hours.

About 4 in 10 (39%) of the almost 11,000 medical
facilities (hospitals/nursing homes) in the US, are near
RMP facilities.®* A major chemical facility incident near
these medical facilities could have catastrophic impacts
on patients and staff. Due to physical damage and/or
chemical exposure, the facility may also be unable to
accept patients from the surrounding community.

Almost one-half (about 13,000) of the almost 27,000
dollar stores in the US* are located within three miles
of an RMP facility.* Toxic chemicals in products and
unhealthy foods available at these stores add to the poten-
tial health impacts on fenceline communities that also
must contend with health risks from chemical facility
releases, and often are exposed to high levels of toxic
pollution and are poor with low access to healthy foods.

FIGURE 10

124 Million US Residents
Live within 3 Miles of

an RMP Facility

Fenceline
Zones—
39% of US

Population

FIGURE 11

24 Million Children
Attend School within 3
Miles of an RMP Facility

Fenceline
Zones—
45% of US

Schools

FIGURE 12

4 of 10 Hospitals and
Nursing Homes in the
US are within 3 Miles
of an RMP Facility

Fenceline
Zones—
39% of US
Medical

Facilities

FIGURE 13

13,000 of 27,000 Dollar
Stores are within 3 Miles
of an RMP Facility

Fenceline
Zones—
48% of
US Dollar
Stores

EPA’S RISK MANAGEMENT PLAN

program includes approximately 12,500

industrial and commercial facilities that

produce, use, or store significant quantities of

certain highly toxic and flammable chemicals.

* The vast majority of these stores are operated by the largest chains: Family Dollar and Dollar Tree (now owned by the same parent company),

and Dollar General.
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FIGURE 14
12,493 Active RMP Facilities in the US

o
2

To view an interactive version of this map with
additional data, and maps of the local areas studied,
visit www.ej4all.org/life-at-the-fenceline.

RESULTS FOR STUDY AREAS * Inall9 areas, the percentage of people with a high

Population Demographics school or less education was higher for those living

* In 7 of the 9 areas examined, more than two-thirds within 3 miles of an RMP facility compared to the
(67%) of the people in each area live within 3 miles of entire area. In all but one area, the percentage of people
an RMP facility (compared to only 39% nationally). with a college degree or higher was lower for those

* In 7 of the 9 areas, the percentage of people living living within 3 miles of an RMP facility compared
within 3 miles of an RMP facility who are poor is to the entire area.
disproportionately higher than for the entire area.

* In all but one of the areas, the percentage of people Health Risks
of color living within 3 miles of an RMP facility was * Inall but 1 of the 9 areas, the cancer risk from toxic
higher than for the entire area, especially for Blacks air pollution exposure for all people living in the entire
and Latinos, and in 7 of 9 areas is much higher than area assessed was higher than the national average.
the national rate (38%). * For those living within 3 miles of an RMP facility,

* In 7 of the 9 areas, average home values within the cancer risk was higher than for the entire area
3 miles of an RMP facility are lower compared to in all 9 areas studied. The cancer risk for those living
the entire area. in areas with low incomes and low access to healthy

* In all but one of the areas, average household incomes foods within the fenceline zones was even higher
were lower, sometimes substantially, for those living in all 9 areas, in some cases substantially higher.

within 3 miles of an RMP facility compared to the

entire area.
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* In 6 of the 9 areas studied, the RHI (respiratory hazard)

value from toxic air pollution exposure was greater

than 2, indicating a significant potential for suffering

respiratory illness.

* In 8 of 9 areas, the RHI values were higher for those
living within 3 miles of an RMP facility than for the

entire area, and increased further (to above 2) in all

9 areas for those living in parts of the fenceline zones

with low incomes and low access to healthy foods.

Low Income with Low Access to Healthy Foods
* In every area, the percentage of the population living in

low-income/low food access areas is significantly higher

than the national rate, and is at least twice as high in

5 of the 9 areas.

e Inall 9 areas, people living in areas with low incomes

and low access to healthy foods within 3 miles of
an RMP facility face higher health risks, and the
percentage of people of color is greater, often sub-

stantially, compared to those living in parts of the

IN EVERY AREA, the percentage of

3-mile zones that are not low-income/low food

the population living in low-income/low food

access areas is significantly higher than the

national rate, and is at least twice as high

in 5 of the 9 areas.

TABLE 2

Demographic Data and Health Risks

Albuquerque Totals/

3 miles/3 miles LILA

Charleston Totals/
3 miles/3 miles LILA

aCcCess.

Dallas Totals/
3 miles/3 miles LILA

Houston Totals/
3 miles/3 miles LILA

Weighted RHI 1.74/1.86/217 2.39/2.26/2.40 2.37/2.40/2.48 2.09/213/2.29
Weighted Cancer Risk 38.25/39.45/41.91 50.83/52.04/54.01 46.25/46.58/47.67 44.74/45.57/47.26
% Poverty 18.4/18.4/28.0 15.7/15.6/22.5 16.3/17.7/27.2 17.2/18.4/28.5
% White 41.5/40.1/26.3 86.5/86.8/80.1 42.4/40.8/22.5 32.9/30.6/121
% Black 2.6/2.5/2.9 6.0/6.3/10.0 17.3/16.5/21.7 18.6/19.5/25.5
% Hispanic 48.4/50.1/64.0 11/0.9/0.9 31.5/34.7/51.0 39.0/40.2/56.1
% Children 23.3/23.0/24.3 19.7/20.5/19.9 26.9/26.9/29.4 271/26.7/28.8

Fresno Totals/

3 miles/
3 miles LILA

Kern Totals/
3 miles/
3 miles LILA

Madera Totals/
3 miles/
3 miles LILA

Los Angeles
Totals/
3 miles/

3 miles LILA

Louisville Totals/
3 miles/
3 miles LILA

Weighted RHI 2.06/219/2.37 1.91/2.07/2.24 1.56/2.07/21 2.59/2.63/2.83 2.26/2.37/2.46
Weighted Cancer Risk | 48.62/50.57/52.02 | 45.69/48.20/49.60 | 46.37/56.32/57.27 | 50.17/50.22/52.06 | 47.35/48.85/50.86
% Poverty 27.6/29.4/37.8 23.4/24.7/34. 22.3/28.6/35.2 17.6/18.6/24.8 16.0/19.6/31.1

% White 31.3/27.8/17.9 371/341/23.5 38.3/22.5/17.0 27.9/23.4/1.0 72.8/67.5/49.1
% Black 4.8/4.9/6.2 5.3/6.0/5.8 3.3/2.8/2.5 6.6/6.8/9.5 17.8/22.5/39.3
% Hispanic 51.7/54.2/63.4 50.6/52.6/65.3 52.8/70.0/75.8 47.3/52.4/67.4 4.5/4.8/6.1

% Children 29.0/29.8/31.6 29.3/29.9/32.6 27.4/321/34.5 23.1/24.0/26.9 22.6/22.3/23.9

City/County Totals: Result for the entire city or county.
3 miles: The Fenceline Zones within 3 miles of an RMP facility.
3 miles LILA: Low Income and Low Access to food areas within Fenceline Zones.

See Appendix A for explanations of RHI (Respiratory Hazard Index) and Cancer Risk.
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TABLE 3
RMP Facilities, Dollar Stores, Schools, and Medical Facilities in Study Areas

% of RMP % of Medical % of Med

Facilities Schools | Schools Facilities Facilities

With Dollar Within 3 | Within 3 Within 3 that are

Dollar Stores Stores Miles of @ Miles of Miles of Within 3

RMP Within 3 Within an RMP an RMP Medical an RMP Miles of an
Facilities Miles 3 Miles Schools | Facility Facility | Facilities Facility RMP Facility

Ic-:f PR, 141 137 97.2% 3972 | 2828 711% 148 103 69.6%
Louisville, KY 23 23 100.0% 343 230 67.1% 16 14 87.5%
:‘;“q“e’q“e' 7 7 100.0% 279 106 37.9% 1 7 63.6%
Charleston, WV 13 13 100.0% 83 47 56.6% 7 2 28.6%
Dallas, TX 108 103 95.4% 1,821 1,251 68.7% 78 65 83.3%
Houston, TX 191 176 92.1% 1,624 1,65 71.7% 51 40 78.4%
Fresno Co., CA 77 52 67.5% 389 266 68.3% 49 35 71.4%
Kern Co., CA 97 29 29.9% 306 206 67.3% 30 23 76.7%
Madera Co., CA 7 3 42.9% 90 35 38.9% 10 5 50.0%
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RESULTS: LOS ANGELES, CALIFORNIA

Los Angeles, our nation’s second most populous urban area, is home to 141 RMP
facilities, second only to Houston of all the areas studied for this report.

KEY FINDINGS Latino Population
¢ More than 8,760,000 people, or 72% of people in Los 70%

Angeles, live within 3 miles of an RMP facility, which is

85% higher than the national rate. Eighty-two percent

of people who live in areas with low incomes and low 65%

access to healthy foods also live within 3 miles of an

RMP facility. 60%

¢ The percentage of Latinos (Hispanics) who live in
3-mile zones is 11% higher than for the entire urban 55%
area (52% compared to 47%). More striking however,
Latinos make up more than two-thirds of the popu-

0,
lation in low-income/low food access areas within 20%
fenceline zones, which is 42% greater than the
representation of Latinos in Los Angeles. 45%
¢ The percentage of Blacks in areas with low incomes
and low access to healthy foods in the 3-mile zones 40%
is 44% greater than for the LA area as a whole. Los Angeles  Fenceline Zones  LILA Areasin

Fenceline Zones
¢ The potential for suffering respiratory illness is 9%

higher for those living in low-income/low food access
areas with fenceline zones compared to the Los
Angeles urban area overall, which already has the
highest potential for respiratory illness from toxic air B US HLos Angeles
pollution (a Respiratory Hazard Index of 2.59) of all
the areas included in the study.

Schools and Medical Facilities in Fenceline Zones

80%

70%

¢ Seventy-one percent of LA schools are located
within 3 miles of an RMP facility, as are 70% of medical 60%
facilities. This represents a 56% and 79% increase
over national percentages for schools and medical
facilities, respectively, in these zones. 50% -

¢ Seventy-nine percent of all dollar stores in Los
Angeles are located in 3-mile fenceline zones around

40% -
RMP facilities. ?

30% —

Schools Medical Facilities

72% OF THE POPULATION OF

the Los Angeles Urban Area lives within
3 miles of an RMP facility.
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For additional maps and other

o ) information about Los Angeles, visit
Hazardous Facilities and Race in Los Angeles https://ej4all.org/life-at-the-fenceline.
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¢ RMP Facilities in Los Angeles
[ Fenceline Zones
=== Primary Roads

Population by Census Tract,
Percentage of People of Color
No Data
B 0%-20%
B 20%-60%
40%-80%
60%-80%
Bl 80%-100%

Orange County

Los Angeles Data Summary

Los Angeles Los Angeles
Los Angeles Totals 3 Mile Totals 3 Mile LILA* Totals

Weighted Cancer 50.17 50.22 52.06
Weighted RHI 2.59 2.63 2.83
Percent Black 6.6% 6.8% 9.5%
Percent Hispanic 47.3% 52.4% 67.4%
Percent White 27.9% 23.4% 11.0%
Percent Children 23.1% 24.0% 26.9%
Percent Poverty 17.6% 18.6% 24.8%
Average Household Income $83,392 $76,452 $53,876
Average Home Value $550,046 $475,194 $314,249
Percent HS Graduate or Less 43.1% 47.4% 61.2%
Percent College Degree or More 28.0% 24.1% 13.7%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: FRESNO COUNTY, CALIFORNIA

There are 77 RMP facilities located in Fresno County.

KEY FINDINGS Percent of Residents in Fenceline Zones

¢ Almost 637,000 people, or 68% of Fresno County Compared to National

residents, live within 3 miles of an RMP facility, 70%
a 74% increase over the national rate.

. . . . 65%
¢ The percentage of Latinos in areas with low incomes ?

and low access to healthy foods in fenceline zones is 60%
23% greater than for Latinos in Fresno County overall.

« Average household income for those in areas with low ~ 55%
incomes and low access to healthy foods is 29% less

0,
than for Fresno County overall. 50%

¢ The potential for suffering respiratory illness from toxic 45%
air pollution exposure is 15% higher for those in areas
with low incomes and low access to healthy foods 40%
within fenceline zones compared to Fresno County

o/
overall, while cancer risks are 7% greater. 35%
¢ Sixty-eight percent of Fresno County schools and 30% -
71% of medical facilities are located within 3 miles us Fresno County
of an RMP facility.
« Seventy-four percent of all dollar stores are within Schools and Medical Facilities in Fenceline Zones
3 miles of an RMP facility. 80%
B US M Fresno County
70%
60% -
50% -
40%
30% -

Schools Medical Facilities

68% OF THE POPULATION OF

Fresno County lives within 3 miles of an
RMP facility.

Members of Lideres Campesinas (which works in Fresno,
Kern, and Madera Counties) call on dollar stores to remove
toxic chemicals from the products they sell.
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For additional maps and other

o ) information about Fresno County, visit
Hazardous Facilities and Race in Fresno County https://ej4all.org/life-at-the-fenceline.
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Fresno County Data Summary

O CO. 101a esno Co e 10ta A" 101ad

Weighted Cancer 48.62 50.57 52.02
Weighted RHI 2.06 219 2.37
Percent Black 4.8% 4.9% 6.2%
Percent Hispanic 51.7% 54.2% 63.4%
Percent White 31.3% 27.8% 17.9%
Percent Children 29.0% 29.8% 31.6%
Percent Poverty 27.6% 29.4% 37.8%
Average Household Income $62,41 $59,806 $44,332
Average Home Value $221,576 $206,867 $155,918
Percent HS Graduate or Less 49.9% 51.9% 62.8%
Percent College Degree or More 17.6% 16.6% 9.0%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: KERN COUNTY, CALIFORNIA

There are 97 RMP facilities located in Kern County.

KEY FINDINGS Percent of Residents in Fenceline Zones

¢ Almost 581,000 people, or 68% of Kern county Compared to National

residents, live within 3 miles of an RMP facility, 70%
a 74% increase over the national rate.
0,

*« While Latinos represent just over 50% of the county’s 65%
population, 65% of people living in areas with low 60%
incomes and low access to healthy foods within the
3-mile fenceline zones are Latino, a 29% increase. 55%

¢ The potential for suffering respiratory illness from

o)
toxic air pollution exposure is 17% higher for those 50%
living in low-income/low food access areas within 45%

(o]
fenceline zones compared to Kern County overall,
while cancer risks are 9% greater. 40%

¢ More than two-thirds of all Kern County schools

o/
and more than three-quarters of medical facilities 35%
are located within 3 miles of an RMP facility. 30%

4

« Seventy-two percent of all dollar stores in Kern us Kern County

County are located within 3 miles of an RMP facility.
Latino Population

. A 70%
Schools and Medical Facilities 0
in Fenceline Zones 65%
80%
60%
B US BN Kern County
55%
70% °
50% —
60% - 45%
40% -
50% -
35% -
40% 30% - )
Kern County LILA Areas in
Fenceline Zones

30% —

Schools Medical Facilities

68% OF THE POPULATION of Kern County lives within 3 miles of an RMP facility.
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For additional maps and other
information about Kern County, visit
Hazardous Facilities and Race in Kern County https://ej4all.org/life-at-the-fenceline.
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Kern County Data Summary

Kern County 3 Mile

Kern Co. Totals Kern Co. 3 Mile Totals LILA* Totals

Weighted Cancer 45.69 48.20 49.60
Weighted RHI 1.91 2.07 2.24
Percent Black 5.3% 6.0% 5.8%
Percent Hispanic 50.6% 52.6% 65.3%
Percent White 371% 34.1% 23.5%
Percent Children 29.3% 29.9% 32.6%
Percent Poverty 23.4% 24.7% 34.1%
Average Household Income $65,432 $63,516 $46,082
Average Home Value $188,274 $183,073 $136,360
Percent HS Graduate or Less 53.5% 54.0% 65.8%
Percent College Degree or More 14.1% 13.8% 7.3%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: MADERA COUNTY, CALIFORNIA

Madera County contains seven RMP facilities.

KEY FINDINGS

¢ More than 77,000 people, or 47% of Madera County
residents, live within 3 miles of an RMP facility, a 21%
increase over the national rate.

»  Strikingly, almost 100% of those living in low-income/
low food access areas in Madera County also live with-
in 3 miles of an RMP facility, a rate that is more than
twice the percent of county residents who live within
fenceline zones (47%).

¢ The potential for suffering respiratory illness from
toxic air pollution exposure is 33% higher for those
living within 3 miles of an RMP facility compared
to Madera County overall, and those living in low-
income/low food access areas within these fence-
line zones face a 35% higher risk.

¢ Cancer risk from exposure to toxic air pollution is
21% higher for those living within 3 miles of an RMP
facility compared to Madera County overall. Those
living in low-income/low food access areas within
fenceline zones face a 24% higher cancer risk (about
57 cancers per million people), which is the highest
risk of all 9 areas included in this report.

¢ While Latinos make up about 53% of the county’s
population, 70% of people living within 3 miles of
an RMP facility are Latino, a 33% increase over their
overall county representation. Latinos make up 76%
of the population in low-income/low food access
areas within these fenceline zones, a 44% increase
over their overall county representation.

* The percentage of people living in poverty within
3 miles of an RMP facility is 28% greater than for
Madera County overall. More strikingly, the poverty
rate in low-income/low food access (LILA) areas
within 3 miles of an RMP facility is 58% greater
than for the country as a whole.

¢« Twenty-seven percent of Madera County residents
are children, but 35% of the residents of low-income/
low food access areas within fenceline zones are
children, a 26% increase.

*« The average household income for those living within
3 miles of an RMP facility is 17% lower than for Madera
County overall. For those living in areas with low
incomes and low access to healthy food, the drop
in average household incomes doubles to 34%.

* Half of all medical facilities in Madera County are
located within 3 miles of an RMP facility, as are
39% of schools.

* Seventy-five percent of all dollar stores in Madera
County are located within 3 miles of an RMP facility,
and 43% of RMP facilities have a dollar store within
3 miles.

Cancer Risk from Air Pollution

60

55
50
45
40
30

Madera Fenceline  LILA Areasin
County Zones  Fenceline Zones

Respiratory Hazard from Air Pollution

2.2

21

2.0
1.9
1.8
1.7
1.6
1.5
1.4

Madera Fenceline  LILA Areasin
County Zones  Fenceline Zones
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For additional maps and other
L . information about Madera County, visit
Hazardous Facilities and Race in Madera County https://ej4all.org/life-at-the-fenceline.
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Madera County

Madera Co. Totals Madera Co. 3 Mile Totals 3 Mile LILA* Totals

Weighted Cancer 46.37 56.32 57.27
Weighted RHI 1.56 2.07 21
Percent Black 3.3% 2.8% 2.5%
Percent Hispanic 52.8% 70.0% 75.8%
Percent White 38.3% 22.5% 17.0%
Percent Children 27.4% 32.1% 34.5%
Percent Poverty 22.3% 28.6% 35.2%
Average Household Income $63,832 $52,779 $42,043
Average Home Value $242,651 $186,986 $154,031
Percent HS Graduate or Less 51.7% 63.0% 71.2%
Percent College Degree or More 14.4% 9.3% 6.0%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: LOUISVILLE, KENTUCKY

There are 23 RMP facilities located in Louisville.

KEY FINDINGS

¢ Almost 606,000 people, or 67% of Louisville
residents, live within 3 miles of an RMP facility,
a 72% increase over the national rate.

¢ Ninety-two percent of Louisville residents who live

in low-income/low food access (LILA) areas also live

All of Louisville’s 23 RMP facilities have at least one
dollar store located within 3 miles, and 73% of all dollar
stores are located within 3 miles of an RMP facility.
More than two-thirds (67%) of Louisville schools are
located within 3 miles of an RMP facility, as are 88%
of medical facilities.

within a fenceline zone, a rate 37% greater than for
all residents.

¢ The potential for suffering respiratory illness from
toxic air pollution exposure is 9% higher for those in
low-income/low food access areas within fenceline
zones compared to Louisville overall, while cancer

Cancer Risk from Air Pollution
53

risks for those living in these areas are 7% greater.
51

¢ The percentage of people living in poverty within
3 miles of an RMP facility is 23% greater than for 49

Louisville overall. This difference increases substan-

tially to 94% greater for low-income/low food 47
access areas within the fenceline zones. 45
¢ The average household income for those living in low-
income/low food access areas within fenceline zones 43
is 41% lower than for all those living in Louisville. a1
¢ While Blacks make up 18% of Louisville’s population,
23% of people living within 3 miles of an RMP facility 39
are Black, a 28% increase over their overall county 37
representation. Strikingly, in low-income/low food
L . 35

access areas within fenceline zones, Blacks make up
39% of the population, more than twice the city rate. Louisville Fenceline  LILA Areasin
Zones  Fenceline Zones

Race and Poverty in Louisville Respiratory Hazard from Air Pollution

55% 2.7

50%
M People of Color M Poverty 2.5

45%

40%

35%

30%

25%

20%

15%

2.3
21
1.9
1.5

10% —
Louisville  Fenceline  LILA Areasin
Zones  Fenceline Zones

LILA Areas in
Fenceline Zones

Fenceline
Zones

Louisville
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For additional maps and other
information about Louisville, visit

Hazardous Facilities and Race in Louisville https://ej4all.org/life-at-the-fenceline.

This map shows the 23 RMP facilities
located inside the Louisville Urban Area,
and two additional RMP facilities for
which the 3-mile fenceline zone extends
into the Louisville Urban Area.
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Louisville Data Summary

=== Primary Roads |

Louisville
Louisville Totals Louisville 3 Mile Totals 3 Mile LILA* Totals

Weighted Cancer 47.35 48.85 50.86
Weighted RHI 2.26 2.37 2.46
Percent Black 17.8% 22.5% 39.3%
Percent Hispanic 4.5% 4.8% 6.1%
Percent White 72.8% 67.5% 49.1%
Percent Children 22.6% 22.3% 23.9%
Percent Poverty 16.0% 19.6% 311%
Average Household Income $66,720 $60,889 $39,452
Average Home Value $181,660 $170,253 $103,050
Percent HS Graduate or Less 40.8% 43.1% 54.4%
Percent College Degree or More 26.8% 24.8% 13.9%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: ALBUQUERQUE, NEW MEXICO

There are seven RMP facilities located in Albuquerque.

KEY FINDINGS

More than 268,000 people, or 39% of people living
in Albuguerque, live within 3 miles of an RMP facility.

The potential for suffering respiratory problems from

toxic air pollution exposure is 25% higher for those

in low-income/low food access areas within fenceline
zones compared to Albuquerque overall, while cancer
risk is 10% higher.

The percentage of Latinos in low-income/low food
access areas within fenceline zones is 32% greater
than for Latinos in Albuguerque overall, and is more
than twice the rate for whites in these areas.

The average household income for those living in
low-income/low food access areas within 3 miles of
an RMP facility is 26% lower than for Albuquerque
as a whole.

The percentage of those living in areas with low
incomes and low access to healthy foods who have
a high school or less education is 36% greater than
for Albuguerqgue overall. The percentage of those
living in low-income/low food access areas with a
college degree or more education is 39% lower
than for Albuguerque overall.

Leaders of the Campaign for Healthier Solutions,
Los Jardines Institute, and allies call on dollar stores
to sell healthier foods and safer products.

Respiratory Hazard from Air Pollution
2.3

2.2

21

2.0

1.8
1.7
1.6
1.5

Albuquerque Fenceline  LILA Areas in
Zones  Fenceline Zones

Latino Population

70%

65%

60%

55%

50%

45%

40%
Albuquerque Fenceline LILA Areas in
Zones Fenceline Zones

39% OF THE POPULATION OF

Albuquerque lives within 3 miles of an
RMP facility.
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For additional maps and other
L . information about Albuquerque, visit
Hazardous Facilities and Race in Albuquerque https://ej4all.org/life-at-the-fenceline.

¢ RMP Facilities in Albuquerque
[ Fenceline Zones
=== Primary Roads

Population by Census Tract,

Percentage of People of Color
No Data
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Albuquerque Data Summary

Albuquerque Albuquerque
Albuquerque Totals 3 Mile Totals 3 Mile LILA* Totals

Weighted Cancer 38.25 39.45 41.91
Weighted RHI 1.74 1.86 217
Percent Black 2.6% 2.5% 2.9%
Percent Hispanic 48.4% 50.1% 64.0%
Percent White 41.5% 40.1% 26.3%
Percent Children 23.3% 23.0% 24.3%
Percent Poverty 18.4% 18.4% 28.0%
Average Household Income $65,170 $65,970 $47,908
Average Home Value $209,745 $219,400 $150,054
Percent HS Graduate or Less 36.2% 37.4% 50.2%
Percent College Degree or More 29.4% 29.6% 18.9%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: DALLAS, TEXAS

There are 108 RMP facilities located in Dallas.

KEY FINDINGS

Almost 3.5 million people, or 72% of Dallas residents,
live within 3 miles of an RMP facility, an 85% increase
over the national rate.

Seventy-nine percent of people living in low-income/
low food access areas in Dallas also live within 3 miles
of an RMP facility.

The percentage of people living in poverty in low-

income/low food access areas within 3 miles of an

RMP facility is 67% higher than for those in poverty
in Dallas overall.

The average household income for those living in
low-income/low food access areas within 3 miles of
an RMP facility is 39% lower than for all those living
in Dallas.

While Latinos make up less than one-third Dallas’s
population, more than half of people in low-income/
low food access areas within 3 miles of an RMP facility
are Latino, a 62% increase. The percentage of Latinos
is more than twice the rate for whites in low-income/
low food access areas within the fenceline zones.

Blacks make up 17% of the Dallas population, but
constitute 22% of people in areas with low incomes
and low access to healthy foods within in the 3-mile
fenceline zones, a 25% increase.

More than 80% of all medical facilities in Dallas are
located within 3 miles of an RMP facility, as are more
than two-thirds of schools.

Ninety-five percent of RMP facilities in Dallas have
a dollar store within 3 miles, and 70% of dollar stores
are located within 3 miles of an RMP facility.

Latino Population

55%

50%

45%

40%

35%

30% —

25% |
Dallas Fenceline LILA Areas in
Zones Fenceline Zones

Schools and Medical Facilities in Fenceline Zones

90%

80%

B US M Dallas
70%

60% —
50%
40% ~
30% -
20%

10% -

0% —

Schools Medical Facilities

72% OF THE POPULATION OF

the Dallas Urban Area lives within 3 miles
of an RMP facility.

Left: A 2007 explosion at Southwest Industrial
Gases in Dallas sent flaming debris onto highways
and buildings.
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For additional maps and other

. . information about Dallas, visit
Hazardous Facilities and Race in Dallas https://ej4all.org/life-at-the-fenceline.
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Dallas Data Summary
Dallas
Dallas Totals Dallas 3 Mile Totals 3 Mile LILA* Totals
Weighted Cancer 46.25 46.58 47.67
Weighted RHI 2.37 2.40 2.48
Percent Black 17.3% 16.5% 21.7%
Percent Hispanic 31.5% 34.7% 51.0%
Percent White 42.4% 40.8% 22.5%
Percent Children 26.9% 26.9% 29.4%
Percent Poverty 16.3% 17.7% 27.2%
Average Household Income $80,130 $74,771 $49,036
Average Home Value $204,060 $189,682 $114,414
Percent HS Graduate or Less 39.5% 42.6% 60.7%
Percent College Degree or More 30.6% 28.1% 14.4%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: HOUSTON, TEXAS

There are 191 RMP facilities located in Houston,
the most of any of the areas included in this report.

KEY FINDINGS Latino Population and Poverty in Houston

¢ Almost 3.6 million people, or three-quarters of 60%
Houston residents, live within 3 miles of an RMP
facility, a 92% increase above the national rate.

M Latino Population W Poverty

50%
¢ Eighty-two percent of Houston residents who live

in low-income/low food access areas also live within
RMP facility fenceline zones.

40%

* The percentage of people in poverty in low-income/
low food access areas within 3 miles of an RMP facility
is 66% higher than for those in poverty in Houston
overall. 20%

30%

¢ The average household income for those living in low-
income/low food access areas within the fenceline 10% -
zones is 41% lower than for all those living in Houston.

¢ Latinos make up 39% of Houston’s population but 0% |
represent 56% of those living in low-income/low food Houston Fenceline LILA Areas in
access areas within 3 miles of an RMP facility (a 44% Zones Fenceline Zones
greater rate). Blacks comprise 19% of the Houston
population, but make up 26% of those living in low- Schools and Medical Facilities in Fenceline Zones
income/low food access areas within the fenceline
ones (a 37% greater rate) 90%
z °9 : H US M Houston
« Seventy-eight percent of all Houston medical 80%
facilities and 72% of schools are within 3 miles of 70%
6
an RMP facility.
¢ Ninety-two percent of RMP facilities in Houston have 60%
a dollar store within 3 miles and almost three-quarters 509
of all dollar stores are located within 3 miles of an
RMP facility. 40%
30% -
20%
10% -
0% -

Schools Medical Facilities

75% OF THE POPULATION OF
Houston lives within 3 miles of an RMP

facility.

Houston contains 191 high-risk chemical facilities.
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Hazardous Facilities and Race in Houston
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Houston Data Summary

Montgomeéry County

Brazoria County

For additional maps and other
information about Houston, visit
https://ej4all.org/life-at-the-fenceline.
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¢ RMP Facilities in Houston \

[ Fenceline Zones
=== Primary Roads

Population by Census Tract,
Percentage of People of Color
No Data
Hm 0%-20%
B 20%-40%
40%-60%
60%-80%
Bl 80%-100%

Chambers County

Weighted Cancer 44.74 45.57 47.26
Weighted RHI 2.09 213 2.29
Percent Black 18.6% 19.5% 25.5%
Percent Hispanic 39.0% 40.2% 56.1%
Percent White 32.9% 30.6% 12.1%
Percent Children 271% 26.7% 28.8%
Percent Poverty 17.2% 18.4% 28.5%
Average Household Income $82,920 $80,522 $48,832
Average Home Value $197,888 $201,040 $105,512
Percent HS Graduate or Less 421% 43.2% 61.6%
Percent College Degree or More 28.8% 28.1% 13.9%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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RESULTS: CHARLESTON, WEST VIRGINIA

There are 13 RMP facilities located in Charleston.

KEY FINDINGS Cancer Risk from Air Pollution
¢ Seventy percent of people in Charleston live within 60

3 miles of an RMP facility, an 80% increase over the

national rate. 55

¢ Eighty-seven percent of Charleston residents who

live in low-income/low food access areas also live in 50
fenceline zones (more than twice the rate of all US
residents who live in RMP facility fenceline zones,
which is 39%). 45
¢ People living in Charleston face the highest cancer

risk (approximately 51 cancers per million people) 40
from toxic air pollutants of all 9 areas included in this
report. Those risks increase further for those living 35
in low-income/low food access areas within 3 miles
of an RMP facility.

30

* The percentage of people in poverty in low-income/ Charleston  Fenceline  LILA Areas in
low food access areas within 3 miles of an RMP facility 7ones  Fenceline Zones
is 43% higher than for those in poverty in Charleston . . .
Residents in Fenceline Zones
overall.
* The average household income for those living in 100%
low-income/low food access areas within 3 miles of 90%
an RMP facility is 28% lower than for all those living
in Charleston. 80%
* More than half of Charleston schools and almost 70%
30% of medical facilities are located within 3 miles 60%
of an RMP facility.
, _ 50%
¢ All of Charleston’s 13 RMP facilities have at least one
dollar store located within 3 miles, and two-thirds 40% —
(68%) of all dollar stores are located within 3 miles 20%
of an RMP facility.
20%
10%
0% -

us Charleston LILA Areas in
Fenceline Zones

70% OF THE POPULATION OF

the Charleston Urban Area lives within
3 miles of an RMP facility.

Left: This rail car at the Axiall chemical
facility in New Martinsville, WV released
90 tons of toxic chlorine gas in 2016.
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For additional maps and other

information about Charleston, visit
Hazardous Facilities and Race in Charleston https://ej4all.org/life-at-the-fenceline.
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Charleston Data Summary
Charleston
Charleston Totals Charleston 3 Mile Totals 3 Mile LILA* Totals
Weighted Cancer 50.83 52.04 54.01
Weighted RHI 2.39 2.26 2.40
Percent Black 6.0% 6.3% 10.0%
Percent Hispanic 11% 0.9% 0.9%
Percent White 86.5% 86.8% 80.1%
Percent Children 19.7% 20.5% 19.9%
Percent Poverty 15.7% 15.6% 22.5%
Average Household Income $65,555 $61,227 $47166
Average Home Value $145,940 $132,790 $97,039
Percent HS Graduate or Less 41.7% 43.6% 52.8%
Percent College Degree or More 26.7% 25.3% 16.2%

* LILA—Areas with Low-Income populations with Low Access to healthy foods (see Box 2 on p.13).
Note: Highlighted numbers indicate a substantial difference from the full city or county, and the full 3-mile areas data.
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CHAPTER FOUR
CONCLUSIONS

he findings of this report demonstrate that the
health and safety of communities closest to some
of the nation’s most dangerous industrial and com-
mercial facilities are at risk from multiple threats,
including potential chemical releases or explosions,
daily exposure to toxic air pollution, and poor nutrition
from a lack of access to healthy foods (along with other
hazards and impacts not specifically studied here). The
population of these “fenceline” areas is disproportionately
Black, Latino, and living in poverty. Many of these com-
munities also rely heavily, or solely, on dollar stores for
household necessities and in some cases food, making
these retailers potential sources of either additional toxic
exposures or safer products and healthier foods (depend-
ing on the corporate policies they implement or fail
to adopt).

All of the areas researched for this report face serious
health risks from hazardous chemical facilities, toxic
air pollution, and lack of access to healthy food. The
9 cities or counties researched for this report contain
significant concentrations of industrial and commercial
facilities that use or store highly hazardous chemicals,
creating the constant threat of a catastrophic chemical
release or explosion. The risk of cancer from toxic air
pollution is greater than the national rate in all 9 areas,
and the potential for respiratory illness from air pollution
is substantial in all 9 areas. The percentage of city or
county residents living in Low-Income areas that also
have Low Access to healthy foods (LILA areas) is higher
than for the US as a whole in all 9 areas, and is twice

as high or greater in 5 of the 9 areas.

Fenceline zones around hazardous facilities in these
areas are disproportionately Black, Latino, and impov-
erished. The percentage of Blacks or Latinos living within
3 miles of an RMP facility was higher than for the entire
area in every study area, and often much higher than for
the US as a whole. In 7 of the 9 areas researched, the

THE FINDINGS OF THIS REPORT
demonstrate that the health and safety of
communities closest to some of the nation’s
most dangerous industrial and commercial
facilities are at risk from multiple threats,
including potential chemical releases or
explosions, daily exposure to toxic air
pollution, and poor nutrition from a lack

of access to healthy foods.

percentage of people living in poverty within 3 miles of
an RMP facility is higher than for those living in poverty
in the entire area, and often much higher than for the

US as a whole.

People living in hazardous facility fenceline zones
face multiple health hazards and risks. In 7 of the 9
areas researched for this report, two-thirds or more of the
population live in fenceline zones around highly hazard-
ous industrial or commercial facilities (much higher than
the national rate of 39%). In all of the areas researched
for this report, fenceline zones face higher risk of cancer
from toxic air pollution than the entire city or county,
and in 8 of the 9 areas the potential for respiratory illness-
es is higher in fenceline zones. From 26% to 54% of the
population of fenceline zones also live in low-income/
low food access areas (compared to only 18% of the

US population).

Some neighborhoods are even more heavily and
disproportionately impacted. In 8 of the 9 areas studied,
71% to 100% of people who live in low-income areas that
also have low access to healthy foods also live within a
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hazardous facility fenceline zone. In every area studied,
low-income/low food access areas within fenceline zones
have higher poverty rates, greater percentages of residents
who are people of color, and higher cancer risks and
potential for respiratory illnesses from toxic air pollution
than for the whole fenceline zones or the entire city or
county, often much higher.

Action to address these hazards is urgently needed.
Significant and rapid improvements in public laws and
regulations at the national, state, and municipal levels, and
in corporate policies and practices, are urgently needed to
protect the health and wellbeing of at-risk communities
in the 9 areas we researched and elsewhere. The com-
monsense solutions identified below can address the
cumulative health and safety risks to fenceline commu-
nities discussed in this report, including chemical facility
disasters, chronic exposure to toxic air pollution, and
toxic chemicals in household products.

RECOMMENDATIONS AND SOLUTIONS

The first four recommendations and proposed solutions
that follow aim to improve the safety of high-risk industrial
facilities, expand communities’ access to information

about the hazards posed by nearby facilities, and improve
community preparedness for responding to a toxic chemical
release. They may have the additional benefit of reducing
the daily load of toxic air pollution that affects these com-
munities. The last three recommendations and proposed
solutions address both the acute risks from unplanned
chemical releases and the risks from daily chronic exposure
to toxic air pollution, as well as exposure to toxic chemicals
from dollar store products.

1. Ensure that facilities that use or store hazardous
chemicals adopt safer chemicals and processes.
Switching to inherently safer chemicals and technologies
—which removes underlying hazards—is the most
effective way to prevent deaths and injuries from chem-
ical disasters (as well as eliminate ongoing emissions
of the replaced chemicals). Companies should seek out
and adopt safer alternatives when possible. Government
at all levels should require hazardous industrial and
commercial facilities to assess whether they could use
safer chemicals or processes, and adopt them whenever
feasible, using the methods and systems already widely
available.

Los Jardines Institute
supports community gardens
and other solutions to health
and environmental hazards
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2. Ensure that facilities share information on hazards
and solutions, and emergency response plans, with
fenceline communities and workers. Facility employ-
ees and fenceline communities can only participate
effectively in their own protection if they have full
access to information and meaningful access to decision-
making processes. Federal, state, and local authorities
should ensure that communities have access to infor-
mation on hazards and emergency planning conducted
under federal and state programs, and that they have
information on facility hazards submitted to states
under the Emergency Planning and Community
Right-to-Know Act. Local residents, trained health
care professionals, emergency responders, and health-
care providers need this information to prepare for
and effectively respond to chemical releases and explo-
sions. Communities should be included in emergency
response planning and implementation.

3. Require large chemical facilities to continuously
monitor, report and reduce their fenceline-area emis-
sions and health hazards. Unplanned, smaller releases
of toxic chemicals often precede more serious incidents
at chemical facilities and may themselves directly im-
pact the health of people living in nearby communities.
Fenceline community residents should be able to easily
access information (based on continuous monitoring
that is independently validated) on emissions coming
from facilities that use or release hazardous chemicals,
along with information about the chemicals” health
hazards, and be easily able to participate in and act
on response measures. The EPA should expand current
requirements for benzene monitoring by oil refineries
to include other toxic air pollutants and require air
emissions monitoring at other types of major industrial
facilities. This information will allow communities to
understand hazards and participate in shaping solutions.

4. Prevent the construction of new or expanded chemi-
cal facilities near homes and schools, or the siting
of new homes and schools near facilities that use or
store hazardous chemicals. The siting of new facilities
that use or store hazardous chemicals, or expansion
of existing ones, near homes, schools, or playgrounds
significantly increases the possibility that an unplanned
chemical release will result in a disaster. Similarly, new
homes, schools, and playgrounds should not be sited
near hazardous facilities. Municipal authorities should

adopt and enforce local ordinances that require an
assessment of the potential health and safety risks
when siting homes, schools, and other public facilities.
Authorities at all levels should reject new or expansion
requests whenever there will not be an adequate safety
buffer zone between the facility and homes, schools,
or playgrounds. Requiring a buffer zone between these
areas and polluting sources may also reduce residents’
daily exposure to toxic chemical pollution.

5. Require publicly accessible, formal health-impact
assessments and mitigation plans to gauge the cumu-
lative impact of hazardous chemical exposures on
fenceline communities. Federal and state agencies
should assess the potential impact of unplanned
chemical releases and the cumulative impacts of daily
air-pollution exposures on the health of fenceline com-
munities. Agencies and elected officials should provide
affected communities with the tools and resources they
need to fully engage in the assessment process, and
the EPA should review hazard assessments of these
communities. Permits for ongoing emissions should
be strengthened where necessary to account for the
cumulative impact of air pollution emissions from mul-
tiple sources on fenceline communities, and emissions
limits should fully protect public health, including
especially vulnerable populations such as the elderly,
children, people with disabilities, and people with
existing health conditions.

FEDERAL AND STATE AGENCIES
should assess the potential impact of
unplanned chemical releases and the
cumulative impacts of daily air-pollution
exposures on the health of fenceline
communities. Agencies and elected officials
should provide affected communities with the
tools and resources they need to fully engage
in the assessment process, and the EPA
should review hazard assessments of these

communities.
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6. Strengthen the enforcement of existing environ-

mental and workplace health and safety regulations.
Congress should increase funding to the EPA, the Oc-
cupational Health and Safety Administration (OSHA),
and the states for expanding inspections and improving
the enforcement of environmental and workplace
health and safety laws, so that problems in chemical
facilities can be identified before they lead to disasters.
Better oversight and enforcement will also help agencies
and the public hold companies accountable if they fail
to address identified hazards and emissions of toxic
pollution. Communities that face some of the greatest
threats from chemical facility incidents, toxic air pollu-
tion and contaminated sites need strong governmental
policies to protect them, including strict permitting
requirements and reliable inspection and enforcement
of these requirements. If state and municipal governments
are not providing adequate protection, it is essential
that the EPA engage to defend these communities’

right to a safe environment.

7. Dollar store chains should develop and implement

broad policies to identify and remove hazardous
chemicals from the products they sell, stock fresh

Communities like Houston (pictured above) face multiple health and environmental hazards and need solutions.

and healthy foods, and source safer products and
foods locally and regionally. Given their presence in
many communities of color and low-income fenceline
communities, the largest dollar store chains are in a
unique position to benefit the health and welfare of
these communities where they operate, while growing
and benefiting their own businesses, by providing safer
products and healthier foods. Dollar Tree should fully
disclose, and publicly report progress on, its positive
action already underway to phase out seventeen toxic
chemicals by 2020.% All the dollar store chains should
adopt broad and transparent chemical management
policies (including public reporting and continuous im-
provement) to identify and remove hazardous chemicals
from all products in their stores, beginning with their
house brands, and stock healthier foods including more
fresh produce. They should source safer products and
healthier foods locally and regionally whenever possible,
to reduce climate change impacts from long-distance
transportation, and to support the communities in
which their stores operate. Agencies at all levels of
government should ensure that discount retailers com-
ply with all relevant laws and regulations, and provide
technical assistance to support these transitions.
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APPENDIX A
METHODOLOGY

DATA COLLECTION & MAPPING

he demographic data were obtained from the US

Census Bureau’s American Community Survey

(ACS). The Census Bureau’s advanced American

FactFinder interface (Census Bureau 2011-2015,

hitps://factfinder.census.gov/faces/nav/jsflpages/index.
xhtml) was used to create tables of the data at the census
tract level. This database is updated annually and summa-
rized into one, three and five year spans. Per the recom-
mendation of the Census Bureau (hrps://www.census.gov/
programs-surveys/acs/guidance/estimates.html), the most
recent 5-year span, 2011-2015, was selected.

Publicly available data from the Environmental Protection
Agency’s (EPA) Risk Management Program (RMP) as
provided by the Right-to-Know Network (hzp://rtk.nez)
were used to determine the location of RMP facilities.
Facilities were located based on their self-reported latitude/
longitude codes. All other information about the facilities
(e.g. number of accidents, number of injuries) was also
obtained from the Right-to-Know Network’s database
and is self-reported by the facilities to EPA.

2011 National Air Toxics Assessment (NATA) cancer

risk and respiratory hazard index data, as well as specific
pollutant data, were obtained from the EPA’s NATA
website using the census tract identification Aztps://www.
epa.gov/national-air-toxics-assessment/201 1 -nata-assessment-
results). See below for a more detailed explanation of

this data.

The location of discount retail stores (which are primarily
operated by Dollar General and Dollar Tree (which also
owns Family Dollar), referred to as “dollar stores” in the
report, was purchased from AggData (www.aggdata.com).

Low Income and Low Access (LILA) to healthy food data
were obtained from the US Department of Agriculture’s
Economic Research Database (hztps://www.ers.usda.gov/
data-products/food-access-research-atlas/download-the-data).
2011 data, the most recent version available at the time
the data was accessed, was selected.

Medical facilities data were obtained from the Medicare.
gov website (www.medicare.gov).

Public and private school data were downloaded from

the US Department of Education National Center for
Education Statistics (NCES) (htps://nces.ed.gov/ccd/pubsc-
huniv.asp public school data-national and hzps://nces.ed.
gov/ccdelsi/tableGenerator. aspx private school data-national).
The most recent data (2014-2015 school year for the
public school data, 2011-2012 school year for the private
school data) was selected for both datasets.

All boundaries were mapped using publicly available
TIGER line files (2016) from the Census Bureau (hzzps://
www.census.gov/geo/maps-dataldataltiger-cart-boundary.

html).

DEMOGRAPHIC CALCULATIONS AND DATA
ON HEALTH RISKS AND HAZARDS
Demographics from the ACS for the census tracts were
used as presented by Census. All NATA data were used

as provided by EPA without further calculations.

We obtained cancer risk and respiratory hazard index
data, as well as data on specific pollutants, from the 2011
National Air Toxics Assessment (NATA) using the census

tract identification (EPA 2015). The 2011 NATA data,
released in 2015, are the most recent available.
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The NATA was developed primarily as a tool to inform
both national and more localized efforts to collect air
toxics information and characterize emissions (e.g., to
prioritize pollutants or geographical areas of interest for
more-refined data collection such as monitoring). The
2011 NATA dataset is based on data for 140 toxic air
pollutants from a broad spectrum of sources including
large industrial facilities, such as refineries and power
plants, and smaller sources, such as gas stations, oil and
gas wells, and chrome-plating operations. Other pollution
sources include cars, trucks, and off-road sources such as
construction equipment and trains, as well as pollution
formed by chemical reactions of these emissions in the
atmosphere. The numbers calculated by the EPA are
intended to reflect toxic air pollution-related health
hazards that are, in principle, controllable through
better management practices by emitters.

What the Numbers Mean: How Cancer Risk and
Respiratory Health Hazards Were Calculated

The EPA calculates the amount of toxic air pollution
faced by people at the census-tract level and uses health
benchmarks to estimate cancer risks and the potential

for respiratory health hazards from the combined effect

of those exposures. Health risks and health hazards are
distinct measures (see below), but both reflect the negative
impacts on communities from exposure to toxic industrial
facilities located near schools and homes.

The EPA generates data on the health risks from toxic

air pollution using emission reports from industry and
pollution dispersion models, combined with data from a
limited number of pollution-monitoring stations. Cancer
risks are expressed as the projected number of air pollution-
related cancers per million people based on a 70-year life-
time of exposure. The EPA estimates that the national
average risk of cancer from a lifetime of exposure to toxic
air pollution at 2011 levels is 40 cancers per million people
(EPA, n.d.). For comparison, when the EPA sets national
toxic air pollution standards for industrial sources, its
cancer risk target for the general population is one in

one million (EPA 1999).

The respiratory hazard index, in contrast, does not speak
to a direct effect on human health but rather is a measure
of the amount of the hazardous substance in the environment
(which, of course, has important effects on human health)
compared to a health metric. The respiratory hazard index
is the ratio of existing pollutant levels to levels established
by the EPA as not likely to cause non-cancer respiratory
illnesses based on a lifetime of exposure. If an existing pol-
lutant level is the same as the non-concerning benchmark,
the ratio is 1. An index value greater than 1 indicates the
potential for adverse respiratory health impacts, with
increasing concern as the value increases above 1.

Both health measures are based on a combination of mon-
itored and modeled data and thus are estimates of average
risks and hazards affecting a community rather than exact
risks or hazards for a particular person. The lower the
cancer risk and respiratory hazard index values, the lower
the overall cancer risk and potential for respiratory illness.
However, many other factors determine any given person’s
health; therefore, even relatively low values must be
considered with caution.

Additional Risks Not Captured in This Analysis
NATA’s estimates include only chronic cancer risks for
air toxics that the EPA is currently able to identify and
quantify. Therefore, these risk estimates represent only a
subset of the total potential cancer risk associated with air
toxics exposures. Importantly, these risk estimates do not
consider additional exposure pathways such as ingestion
of toxic chemicals from foods or water, or breathing toxic
air pollution from indoor sources, nor do they take into
account the potential for combined or synergistic impacts
from exposure to multiple chemicals. In addition, while
the NATA risk data are based on exposure to outdoor

air pollution, urban outdoor air pollution can also be

an important contributor to indoor air quality, especially
in highly ventilated homes or in homes near pollution
sources (World Health Organization, http://www.who.int/
phelhealth_topics/outdoorair/databases/background_

information/en).
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APPENDIX B
SUMMARY DATA TABLES

Albuquerque Totals/ Charleston Totals/ Dallas Totals/ Houston Totals/

3 miles/3 miles LILA 3 miles/3 miles LILA | 3 miles/3 miles LILA 3 miles/3 miles LILA
Weighted RHI 1.74/1.86/2.17 2.39/2.26/2.40 2.37/2.40/2.48 2.09/213/2.29
Weighted Cancer 38.25/39.45/41.91 50.83/52.04/54.01 46.25/46.58/47.67 44.74/45.57/47.26
% Poverty 18.4/18.4/28.0 15.7/15.6/22.5 16.3/17.7/27.2 17.2/18.4/28.5
% White 41.5/40.1/26.3 86.5/86.8/80.1 42.4/40.8/22.5 32.9/30.6/12.1
% Black 2.6/2.5/2.9 6.0/6.3/10.0 17.3/16.5/21.7 18.6/19.5/25.5
% Hispanic 48.4/50.1/64.0 11/0.9/0.9 31.5/34.7/51.0 39.0/40.2/56.1
% Children 23.3/23.0/24.3 19.7/20.5/19.9 26.9/26.9/29.4 271/26.7/28.8
Avg Home Value 209,7%50/,(2)2921400/ 145,933/(;?;,790/ 204,01(;)2’/‘1185,682/ 197,8?(8)é,250112,040/
Avg Household Income 65,170/65,970/47,908 65,555/61,227/47,166 80,130/74,771/49,036 82,920/80,522/48,832
% HS or Less 36.2/37.4/50.2 41.7/43.6/52.8 39.5/42.6/60.7 421/43.2/61.6
% 4 Year or More Degree 29.4/29.6/18.9 26.7/25.3/16.2 30.6/28.1/14.4 28.8/28.1/13.9

Fresno Totals/ Kern Totals/ Madera Totals/ Los Angeles
3 miles/ 3 miles/ 3 miles/ Totals/3 miles/ Louisville Totals/
3 miles LILA 3 miles LILA 3 miles LILA 3 miles LILA 3 miles/3 miles LILA

Weighted RHI 2.06/2.19/2.37 1.91/2.07/2.24 1.56/2.07/2.11 2.59/2.63/2.83 2.26/2.37/2.46
Weighted Cancer 48.62/50.57/52.02 | 45.69/48.20/49.60 | 46.37/56.32/57.27 | 50.17/50.22/52.06 47.35/48.85/50.86
% Poverty 27.6/29.4/37.8 23.4/24.7/34. 22.3/28.6/35.2 17.6/18.6/24.8 16.0/19.6/31.1
% White 31.3/27.8/17.9 371/34.1/23.5 38.3/22.5/17.0 27.9/23.4/11.0 72.8/67.5/49.1
% Black 4.8/4.9/6.2 5.3/6.0/5.8 3.3/2.8/2.5 6.6/6.8/9.5 17.8/22.5/39.3
% Hispanic 51.7/54.2/63.4 50.6/52.6/65.3 52.8/70.0/75.8 47.3/52.4/67.4 4.5/4.8/6.1
% Children 29.0/29.8/31.6 29.3/29.9/32.6 27.4/321/34.5 23.1/24.0/26.9 22.6/22.3/23.9
Avg Home Value 221,5?2?29?2,867/ 188,21;46/;)8630,073/ 242,61551A{j08;,986/ 550,034]1‘61,/244795,194/ 181,616003/,107506253/
Avg Household 62,411/59,806/ 65,432/63,516/ 63,832/52,779/ 83,392/76,452/ 66,720/60,889/
Income 44,332 46,082 42,043 53,876 39,452
% HS or Less 49.9/51.9/62.8 53.5/54.0/65.8 51.7/63.0/71.2 43.1/47.4/61.2 40.8/43.1/54.4
:/;’e‘;::' or More 17.6/16.6/9.0 141/13.8/7.3 14.4/9.3/6.0 28.0/241/13.7 26.8/24.8/13.9

City/County Totals: Result for the entire city or county.

3 miles: The Fenceline Zones within 3 miles of an RMP facility.

3 miles LILA: Low Income and Low Access to food areas within Fenceline Zones.
See Appendix A for explanations of RHI (Respiratory Hazard Index) and Cancer Risk.
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APPENDIX C

LOCAL ORGANIZATIONS IN

hese member organizations of the Environmental

Justice Health Alliance for Chemical Policy Reform

work to address the problems documented in this

report in their communities, and implement safe,

just, and sustainable solutions. You can also learn
more about these and other members of EJHA at
www.EJ4All. org.

In Albuquerque, NM, Los Jardines Institute (The
Gardens Institute) works to build and support healthy
and sustainable communities and spaces by providing
opportunities that promote multi-generational, commu-
nity-based models of learning, sharing, and building
community. https://www.losjardines.org

In Charleston, WV, People Concerned About Chemical
Safety (PCACS) promotes international human rights
pertaining to environmental and chemical safety through
education and advocacy, and serves as a watchdog to
ensure existing chemical safety laws are upheld by facilities
in our communities. szip://peopleconcernedaboutmic.com

In Fresno County, Kern County, and Madera County,
CA, Lideres Campesinas works to develop leadership
among campesinas so that they serve as agents of political,
social and economic change in the farmworker commu-
nity. wwuw. liderescampesinas.org

STUDY AREAS

In Houston, TX, Texas Environmental Justice Advocacy
Services (t.c.j.a.s.) works to promote environmental
protection through education, policy development, com-
munity awareness, and legal action. Its guiding principle
is that everyone, regardless of race or income, is entitled
to live in a clean environment. wwuw.tejasbarrios.org

In Los Angeles, CA, Physicians for Social Responsibility
(PSR-LA), a physician and health advocate membership
organization, works to protect public health from envi-
ronmental toxins and nuclear threats. It brings the voices
of health experts to the forefront of critical policy discus-
sions, and works alongside health professionals, advocates,
and policymakers to create solutions that improve the
health and environment for all Californians. hzp://wwuw.
psr-la.org

In Louisville, KY, Rubbertown Emergency Action
(REACT) works for strong laws to stop toxic air pollution
from chemical plants; the protection of residents in the
event of a leak, fire or explosion in a chemical plant or
railcar, and full disclosure and easy access to information
concerning the impact of hazardous facilities on residents
living nearby. On Facebook as REACT Rubbertown
Emergency ACTion at https://www.facebook.com/
groups/317041690234.
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APPENDIX D

GLOSSARY OF TERMS AND ABBREVIATIONS

Fenceline Zone

In this report, fenceline zones are a 3-mile radius around
RMP facilities (see more on RMP below), in which those
affected are at most risk from a chemical release or explo-
sion and least likely to be able to escape from a toxic or
flammable chemical emergency, but not representing the
outer bounds of potential harm. For example, while the
fenceline zone around a facility is 3 miles in radius, the
full vulnerability zone for a worst-case chemical release
may be as large as 25 miles in radius. See Figure 3 on page
11 for a graphic representation of a sample vulnerability
zone and fenceline zone.

Hazardous Facility or High-Risk Facility

In this report, hazardous facility or high-risk facility refers
to Risk Management Plan (RMP) facilities, which are
defined below. Only facilities that use or store significant
quantities of specific highly toxic or flammable chemicals
are part of the US Environmental Protection Agency’s
RMP program. Many different types of industrial and
commercial facilities—ranging from chemical manu-
facturing plans, oil refineries, and paper mills, to water
treatment plants, food manufacturing and storage facilities,
fertilizer distributors, and more—are included in the
RMP program, which currently covers approximately
12,500 facilities. A worst-case chemical release at many
of these facilities could endanger several million people
over a radius as great as twenty-five miles.

LILA Area

LILA stands for Low Income and Low Access to healthy
foods. As the term is used by the US Department of Agri-
culture, and as we have used it in the research and findings
for this report, low-income areas have poverty rates of
20% or greater (or meet other criteria), and low access

to healthy food means being far from a supermarket,
supercenter, or large grocery store. More background

on LILA areas can be found at hzps://www.ers.usda.gov/
data-products/food-access-research-atlas/documentation.

RMP

RMP refers to Risk Management Plan, a plan prepared
under the chemical incident prevention provisions of
the Clean Air Act, section 112(r), and submitted to the
US Environmental Protection Agency by a facility that
produces, handles, processes, distributes, or stores more
than a threshold amount of certain extremely hazardous
substances (77 toxic or 63 flammable chemicals).

Vulnerability Zone

An estimate made by a facility under EPA’s Risk Manage-
ment Plan program of the maximum possible area where
people could be harmed by a worst-case release of certain
toxic or flammable chemicals. The vulnerability zone

is a radius (or circle) distance around the facility, of—
for example—one mile, five miles, or 20 miles in all
directions.

Worst-Case Scenario

An estimate made by a facility under EPA’s Risk Manage-
ment Plan program of the largest potential chemical
release from a single vessel or process under conditions
that result in the maximum possible affected area.

48 | LIFE AT THE FENCELINE: UNDERSTANDING CUMULATIVE HEALTH HAZARDS IN ENVIRONMENTAL JUSTICE COMMUNITIES


https://www.ers.usda.gov/data-products/food-access-research-atlas/documentation/
https://www.ers.usda.gov/data-products/food-access-research-atlas/documentation/

APPENDIX E
ONLINE RESOURCES

Many additional resources—including additional
maps, community fact sheets, and data—are available
on the Life at the Fenceline project home page at
www.ejdall.orgllife-at-the-fenceline.

The project pages online include:

¢ This full report

* Fact sheets about the study areas with more maps
and information

* An interactive map of the US and all nine study
areas

* Additional resources and data

Other resources on chemical facility hazards
and disproportionate impacts

Whos in Danger: Race, Poverty, and Chemical Disasters
(Environmental Justice Health Alliance for Chemical
Policy Reform, May 2014) hetps://comingcleaninc.org/
whats-new/whos-in-danger-report

Living in the Shadow of Danger: Poverty, Race, and

Unequal Chemical Facility Hazards (Center for Effective

Government, January 2016)

o Full report: hetps:/fwww.foreffectivegov.org/shadow-
of-danger

o State scorecards: hrtps://www.foreffectivegov.org/shadow-
of-danger-factsheets

Blowing Smoke: Chemical Companies Say “Trust Us,”

But Environmental and Workplace Safety Violations Belie
Their Rbetoric (Center for Effective Government, October
2015) hetps:/fwww.foreffectivegov.orglblowing-smoke
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LIFE AT THE FENCELINE

Understanding Cumulative Health Hazards
in Environmental Justice Communities

Across the United States, the health and safety of people who live, work, play, and learn near
thousands of industrial and commercial facilities that use or store extremely dangerous chemi-
cals is at risk of a major chemical release or explosion at any time. New research presented in
this report studied who lives in the “fenceline” zones nearest high-risk facilities in nine Environ-
mental Justice communities, what are the cancer risks and respiratory hazard from toxic air
pollution in these areas, whether these communities have access to healthy foods, and where
critical institutions (schools, hospitals, and dollar stores) are located.

The results find that the health and safety of communities closest to some of the nation’s most
dangerous industrial and commercial facilities are at risk from multiple threats, including poten-
tial chemical releases or explosions, daily exposure to toxic air pollution, and poor nutrition
from a lack of access to healthy foods (along with other hazards and impacts not specifically
studied here). The population of these fenceline areas is disproportionately Black, Latino, and
living in poverty. Many of these communities also rely heavily, or solely, on dollar stores for
household necessities and in some cases food, making these retailers potential sources of either
additional toxic exposures or safer products and healthier foods (depending on the corporate
policies they implement or fail to adopt).

WWW.EJ4ALL.ORG/LIFE-AT-THE-FENCELINE
28 VERNON STREET, SUITE 434, BRATTLEBORO, VT 05301

CAMPAIGN FOR

Environmental Justice Health Coming Clean Healthier

Alliance for Chemical Policy Reform

Solutions




Exhibit 4



Curriculum Vitae

Vicki Stamper
P.O. Box 9571
Boise, Idaho 83707
stamper.vr@gmail.com
(208) 336-3947

Areas of Expertise

Comprehensive knowledge of the Clean Air Act - accomplished in the requirements for new
source review (NSR) and prevention of significant deterioration (PSD) construction permits
including review of Best Available Control Technology (BACT) determinations, Title V
operating permits, Maximum Achievable Control Technology (MACT) Approvals, Class I area
protection including regional haze plans and best available retrofit technology (BART)
determinations, and state implementation plans for compliance with the national ambient air
quality standards (NAAQS).

Extensive experience with the air pollution issues related to fossil fuel-fired power plants —
have evaluated numerous NSR and PSD air permit applications, best available control
technology determinations, and best available retrofit technology determinations for the fossil
fuel-fired electric utility industry.

Professional Experience

Air Quality Consultant April 2003 to
Boise, ID 83707 Present

I provide consulting services on numerous air quality issues such as:

e Reviewing/preparing comments on all aspects of air quality construction and operating
permit applications and permits for various industrial sources.

e Providing technical expertise for the appeal of air quality permits that do not comply with
federal or state clean air requirements.

e Investigating facility compliance with federal and state air quality regulations.

e Analyzing proposed or available mercury and other hazardous air pollutant controls for
coal-fired power plants.

e Reviewing and commenting on Class I regional haze and visibility protection plans.

e Evaluating proposed best available retrofit technology determinations.

e Critiquing prevention of significant deterioration increment analyses.

e Evaluating and commenting on air quality analyses and environmental impact statements
for proposed oil and gas development in the West.



Professional Experience (continued)

Environmental Engineer/Legal Assistant May 2001 to
Reed Zars, Attorney at Law April 2003
Laramie, WY 82070

Responsibilities included:

e Investigating industrial facilities’ compliance with Clean Air Act requirements through
review of public documents.

e Researching pollution reduction measures and effectiveness.

e Preparing comments on proposed air quality construction and operating permits

e Reviewing and preparing written comments on proposed EPA state implementation plan
approvals regarding topics such as opacity regulations, emission limit exemptions, Class I
area visibility plans and permitting regulations.

New Source Review Program Manager December 1990
Air and Radiation Program to April 2001
U.S. Environmental Protection Agency, Region VIII

Denver, Colorado 80202

Responsibilities included:

¢ Serving as the Region VIII lead for state rules regarding the new source review and
prevention of significant deterioration programs, as well as other industrial source control
measures.

e Reviewing all aspects of prevention of significant deterioration increment analyses.

e Reviewing state implementation plans for consistency with requirements of Clean Air Act.

e Preparing documents to justify EPA approval or disapproval of state submittals.

¢ Educating and assisting tribes in developing regulations for tribal implementation plans.

e Participating in workgroups to ensure national consistency and provide input on rulemakings.

e Reviewing state operating permit programs under Title V of the Clean Air Act.

e Researching and compiling the EPA-approved state implementation plans.

e Developing and reviewing state implementation plans for particulate matter nonattainment
areas, as well as assisting in the preparation of requests to redesignate to attainment.

e Reviewing environmental impact statements for consistency with the Clean Air Act.

e Serving as primary contact for air quality issues in the state of Wyoming.



Professional Experience (continued)

Environmental Engineer August 1989-
Envirometrics, Inc. July 1990
Seattle, Washington 98103

Responsibilities included:

e Designing components of research projects pertaining to pollution control systems.

e Developing testing criteria and measuring the effectiveness of these control systems.

e Preparing air pollution permit applications and related documentation for industrial sources.
e Compiling input data for modeling of ambient air quality impacts on Class I areas.

e Developing emission inventories.

Education

Bachelor of Science Degree
Civil Engineering, Michigan State University
East Lansing, Michigan

Selected Reports and Papers

e Stamper, V. & Megan Williams, Assessment of Cost Effectiveness Analyses for Controls
Evaluated in Four-Factor Analyses for Oil and Gas Facilities for the New Mexico
Environment Department’s Regional Haze Plan for the Second Implementation Period,
Prepared for National Parks Conservation Association, July 2, 2020.

e Stamper, V. & Megan Williams, Oil and Gas Sector, Reasonable Progress Four-Factor
Analysis of Controls for Five Source Categories: Natural Gas-Fired Engines, Natural Gas-
Fired Turbines, Diesel-Fired Engines, Natural Gas-Fired Heaters and Boilers, Flaring and
Incineration; Prepared for National Parks Conservation Association, March 6, 2020

e Stamper, V., Technical Support Document to Comments of Conservation Organizations;
Proposed Revisions to Arkansas Regional Haze State Implementation Plan, February 1,
2018.

e Stamper, V., Technical Support Document to Comments of Conservation Organizations;
EPA Proposed Regional Haze and Interstate Visibility Transport Federal Implementation
Plan for Texas, May 3, 2017.

e Stamper, V., Technical Support Document in Support of NPCA and RE Comments on PSD
Permit No. 16-0, BP West Coast Products LLC Cherry Point Refinery, December 15, 2016.



Selected Reports and Papers (continued)

e Stamper, V., Technical Support Document to Comments of Conservation Organizations;
EPA’s Proposed Rulemaking Regarding Utah’s Regional Haze Plan, March 14, 2016.

e Stamper, V., Technical Support Document to Comments of Conservation Organizations;
EPA’s Proposed Regional Haze and Interstate Visibility Transport Federal Implementation
Plan for Arkansas, August 5, 2015.

e Stamper, V., Technical Support Document to Comments of Conservation Organizations;
EPA’s Proposed Reasonable Progress Measures for Texas and Oklahoma, April 27, 2015.

e Stamper, V., Technical Support Document to Comments of Conservation Organizations,
Proposed Federal Implementation Plan to Address Regional Haze Requirements for Navajo
Generating Station Units 1, 2 and 3, December 30, 2013.

e Stamper, V., Technical Support Document to Comments of Conservation Organizations,
EPA’s Proposed Action on Wyoming Regional Haze, August 21, 2013.

e Stamper, V., Technical Support Document to Comments of Conservation Organizations;
Proposed Wyoming Regional Haze Partial SIP Approval and Partial FIP, August 1, 2012.

e Stamper, V., C. Copeland, M. Williams, and T. Spencer (contributing editor), Poisoning the
Great Lakes: Mercury Emissions from Coal-Fired Power Plants in the Great Lakes Region,
Natural Resources Defense Council Publication, June 2012.

e Fox, Phyllis and V. Stamper, Technical Support Document to Comments of Conservation
Organizations: Proposed Montana Regional Haze FIP, June 15, 2012.

e Stamper, V., Evaluation of Whether the SO2 Backstop Trading Program Proposed by the
States of New Mexico, Utah and Wyoming and Albuquerque-Bernalillo County Will Result
in Lower SO2 Emissions than Source-Specific BART, May 25, 2012.

e Technical Support Attachment to Comments of Conservation Organizations; Minnesota
Regional Haze SIP Proposed Approval — February 21, 2012.

e Stamper, V. and C. Copeland, Stop the Rollbacks, Cleaner, Healthier Air for Colorado,
Environmental Defense publication, 2005.

e Banerjee, S. and V. Stamper, Mercury Air Pollution: The Case for Rigorous MACT
Standards For Subbituminous Coal, prepared for Rocky Mountain Office of Environmental
Defense and the Land and Water Fund of the Rockies, May 2003.
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VIRGINIA DEPARTMENT OF ENVIRONMENTAL QUALITY

BLUE RIDGE REGIONAL OFFICE
901 Russell Drive, Salem, Virginia 24153
(540) 562-6700 FAX (540) 562-6725

www.deq.virginia.gov

Matthew J. Strickler David K. Paylor
Secretary of Natural Resources Director
(804) 698-4000
Robert J. Weld

Regional Director

January 28, 2020

Mr. Glen Jasek

VP Operations, Eastern Interstates
Williams

2800 Post Oak Blvd., Suite 900
Houston, TX 77056-6147

Location: Pittsylvania County
Registration No.: 30864

Dear Mr. Jasek:

Attached is a permit to construct and operate a project at a compressor station in accordance with
the provisions of the Virginia State Air Pollution Control Board Regulations for the Control and
Abatement of Air Pollution.

In the course of evaluating the application and arriving at a final decision to approve the
Southeastern Trail project, the Department of Environmental Quality (DEQ) deemed the
application complete on January 27, 2020.

This permit contains legally enforceable conditions. Failure to comply may result in a Notice of
Violation and/or civil charges. Please read all permit conditions carefully.

This permit approval to construct and operate shall not relieve Transco of the responsibility to
comply with all other local, state, and federal permit regulations.

The proposed turbines are subject to 40 CFR 60, New Source Performance Standard (NSPS),
Subparts KKKK and 40 CFR 63 Maximum Achievable Control Technology (MACT), Subpart
YYYY. Virginia has accepted delegation of these rules. In summary, the units may be required
to comply with certain federal emission standards and operating limitations. The Department of



Mr. Glen Jasek
January 28, 2020
Page 2

Environmental Quality (DEQ) advises you to review these regulations to ensure compliance with
applicable emission and operational limitations. As the owner/operator you are also responsible
for any monitoring, notification, reporting and recordkeeping requirements of the NSPS and
MACT. Notifications shall be sent to Virginia DEQ.

The facility has emission units that may be subject to the following regulations: 40 CFR 60
Subparts JJJJ, O0O0Oa and 40 CFR 63 Subpart ZZZZ. Virginia has not accepted delegation of
these rules. In summary, the units may be required to comply with certain federal emission
standards and operating limitations. The Department of Environmental Quality (DEQ) advises
you to review these regulations to ensure compliance with applicable emission and operational
limitations. As the owner/operator you are also responsible for any monitoring, notification,
reporting and recordkeeping requirements of the NSPS and MACT. Notifications shall be sent
to both EPA, Region Il and Virginia DEQ.

To review any federal rules referenced in the above paragraph or in the attached permit, the US
Government Publishing Office maintains the text of these rules at www.ecfr.gov, Title 40, Part
60 and 63 as applicable.

The Board's Regulations as contained in Title 9 of the Virginia Administrative Code 5-170-200
provide that you may request a formal hearing from this case decision by filing a petition with
the Board within 30 days after this case decision notice was mailed or delivered to you. Please
consult the relevant regulations for additional requirements for such requests.

As provided by Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the date you
actually received this permit or the date on which it was mailed to you, whichever occurred first,
within which to initiate an appeal of this decision by filing a Notice of Appeal with:

David K. Paylor, Director
Department of Environmental Quality
P.O.Box 1105

Richmond, VA 23218

If this permit was delivered to you by mail, three days are added to the thirty-day period in which
to file an appeal. Please refer to Part Two A of the Rules of the Supreme Court of Virginia for
information on the required content of the Notice of Appeal and for additional requirements
governing appeals from decisions of administrative agencies.



Mr. Glen Jasek
January 28, 2020
Page 3

A copy of the results of performance tests required by 40 CFR 60, Subparts KKKK shall to be
sent to:

Associate Director

Office of Air Enforcement and Compliance Assistance (3AP20)
U.S. Environmental Protection Agency

Region III

1650 Arch Street

Philadelphia, PA 19103-2029

If you have any questions concerning this permit, please contact Anita Walthall at (540)562-
6769 or anita.walthall@deq.virginia.gov.

Sincerely,

/MQ

Robert J. Weld
Regional Director

Attachments: Permit
Source Testing Report Format

cc; Michael Callegari, Williams (michael.c.callegari@williams.com)
Mary Carder, ERM (mary.carder@erm.com)
James Puckett, DEQ BRRO Air Compliance Inspector (electronic)




Commonwealth of Virginia

VIRGINIA DEPARTMENT OF ENVIRONMENTAL QUALITY

BLUE RIDGE REGIONAL OFFICE
901 Russell Drive, Salem, Virginia 24153
(540) 562-6700 FAX (540) 562-6725

www.deq.virginia.gov
Matthew J. Strickler David K. Paylor
Secretary of Natural Resources Director
(804) 698-4000

Robert J. Weld
Regional Director

STATIONARY SOURCE PERMIT TO CONSTRUCT AND OPERATE
This permit includes designated equipment subject to
New Source Performance Standards (NSPS).

In compliance with the Federal Clean Air Act and the Commonwealth of Virginia
Regulations for the Control and Abatement of Air Pollution,

Transcontinental Gas Pipe Line Company, LLC
2800 Post Oak Blvd., Suite 900
Houston, TX 77056-6147
Registration No.: 30864
is authorized to construct and operate

natural gas compressor station 165

located at
945 Transco Road in Chatham (Pittsylvania County), Virginia 24531

in accordance with the Conditions of this permit.

Approved on January 28, 2020.

A U

Robert J. Weld ¢
Regional Director

Permit consists of 27 pages.
Permit Conditions 1 to 69.
Attachment - Source Testing Report Format, 1 page



Transcontinental Gas Pipeline Company, LLC
Registration Number: 30864

January 28, 2020

Page 2 of 27

INTRODUCTION

This permit approval is based on the permit applications dated June 20, 2018, including
supplemental information dated November 7, 2018, September 16, 2019, November 18, 2019,
November 25, 2019, and January 27, 2020. Any changes in the permit application specifications
or any existing facilities which alter the impact of the facility on air quality may require a permit.
Failure to obtain such a permit prior to construction may result in enforcement action. In
addition, this facility may be subject to additional applicable requirements not listed in this
permit.

Words or terms used in this permit shall have meanings as provided in 9VAC5-10-20 of the State
Air Pollution Control Board Regulations for the Control and Abatement of Air Pollution. The
regulatory reference or authority for each condition is listed in parentheses () after each
condition.

Annual requirements to fulfill legal obligations to maintain current stationary source emissions
data will necessitate a prompt response by the permittee to requests by the DEQ or the Board for
information to include, as appropriate: process and production data; changes in control
equipment; and operating schedules. Such requests for information from the DEQ will either be
in writing or by personal contact.

The availability of information submitted to the DEQ or the Board will be governed by
applicable provisions of the Freedom of Information Act, §§ 2.2-3700 through 2.2-3714 of the
Code of Virginia, § 10.1-1314 (addressing information provided to the Board) of the Code of
Virginia, and 9VACS5-170-60 of the State Air Pollution Control Board Regulations. Information
provided to federal officials is subject to appropriate federal law and regulations governing
confidentiality of such information.

Equipment List — Equipment at this facility covered by this permit consists of:

Equipment included in the project:

Reference No. Equipment Description Rated Capacity Delegated Federal
Requirements

TUR-05 Solar Titan Combustion Turbine Model 23,150 hp* 40 CFR 60, Subpart KKKK
130-235028 ’

TUR-06 Solar Titan Combustion Turbine Model 23,150 hp* 40 CFR 60, Subpart KKKK
130-235028 ’

AUX-04 Caterpillar G3512 Emergency Engine 1,468 hp (1000 kW) -
Fugitive natural gas leaks from fugitive -

FUGS > . -
emission components

M/L 11 Clark TCV-10 Compressor Engine 3,400 hp ---

*Based on ambient temperature of 0°F and 100% operating load.

Specifications included in the above table are for informational purposes only and do not form
enforceable terms or conditions of the permit.



Transcontinental Gas Pipeline Company, LLC
Registration Number: 30864

January 28, 2020
Page 3 of 27
PROCESS REQUIREMENTS
1. Permanent Shutdown — Upon start-up of either combustion turbine (TUR-05 or TUR-06)

or (12) twelve months from the signature date of this permit, whichever occurs earlier, the
ten (10) Clark TLA-6 reciprocating engines (M/L1 — M/L10) shall permanently cease
operation. Restarting operation of M/L1 — M/L10 shall be considered equivalent to
construction and operation of a new emissions unit and will be subject to the requirement to
obtain a permit pursuant to the applicable provisions of 9VACS5 Chapter 80. The source
may request an extension of the (12) twelve month time period by submitting the request
the Blue Ridge Regional Office along with the justification for the extension within 30 days
of the expiration of the time period.

(9VACS5-20-220 and 9VACS5-80-1180)

Emission Controls — Nitrogen oxides (NOyx) emissions from the combustion turbines
(TUR-05, TUR-06) shall be controlled by dry low NOyx (SoLoNOx™) combustion control
technology and selective catalytic reduction (SCR). The SCR system shall be designed to
reduce NOx emissions to an outlet concentration of 3.75 ppmvd as a 3-hour average when
the compressor turbine’s inlet air temperature is 0°F or greater. The SoLoNOx™
technology shall be in operation at all times the respective combustion turbine is operating
except during start-up and shutdown, as defined in Condition 5.

a. When a combustion turbine’s inlet air temperature is less than 0°F, the SOLoNO™
technology must be operated to maximum extent possible, following the
manufacturer's written protocol or best engineering practices for minimizing
emissions. No compressor turbine shall operate below 50% load except during startup
and shutdown.

b. Each combustion turbine shall be equipped with Pilot Active Control Logic (PACL) to
minimize emissions when inlet air temperature is less than 0°F and the PACL shall be
in operation when the respective combustion turbine is operating. Each SCR shall be
in operation at all times the respective combustion turbine is operating, except during
start-up and shutdown where operation shall be as described in Condition 5.e.

(9VACS5-50-260 and 9VACS-80-1180)

Emission Controls — Carbon Monoxide (CO) and Volatile Organic Compound (VOC)
emissions from the combustion turbines (TUR-05, TUR-06) shall be controlled by an
oxidation catalyst system. Each oxidation catalyst system shall be provided with adequate
access for inspection and shall be in operation at all times the respective combustion turbine
is operating, except during each unit start-up, as defined in Condition 5.

(9VACS5-50-260 and 9VACS-80-1180)

Emission Controls — Particulate emissions (PM, PM19, PM25) from the combustion
turbines (TUR-05, TUR-06) shall be controlled by inlet air filters. Each filter shall be
provided with adequate access for inspection and shall be in operation at all times the
respective combustion turbine is operating.



Transcontinental Gas Pipeline Company, LLC
Registration Number: 30864

January 28, 2020

Page 4 of 27

(9VAC5-50-260' and 9VAC5-80-1180)

5.  Emission Controls — The permittee shall operate and maintain each combustion turbine
(TUR-05, TUR-06), all air pollution control equipment, and all monitoring equipment in a
manner consistent with good air pollution control practices for minimizing emissions at all
times, including during start-up, shutdown, and malfunction.

a.  For the purpose of this permit, start-up is defined as the period beginning with the first
fuel fed to the combustion turbine and ending when the combustion turbine reaches
50% load.

b.  For the purpose of this permit, shutdown is defined as the period beginning when the
combustion turbine drops below 50% load for the purpose of ceasing operation and
ends when fuel feeding stops.

c.  For the purpose of this permit, an oxidation catalyst system shall be considered in
operation when the catalyst bed inlet gas temperature is above 600°F or the minimum
combustion chamber temperature derived from the most recent performance test that
demonstrates compliance with this permit.

d. The oxidation catalyst system shall be in operation during the shutdown of the
respective combustion turbine.

e.  During start-up and shutdown, each combustion turbine SCR system (including
ammonia injection) and oxidation catalyst system shall be operated in a manner to
minimize emissions following the manufacturer's written protocol or best engineering
practices for minimizing emissions. Written documentation shall be maintained
explaining the sufficiency of the practices. If such practices are used in lieu of the
manufacturer's protocol, the documentation shall justify why the practices are at least
equivalent to manufacturer's protocols with respect to minimizing emissions.

f.  Annual time in start-up of each combustion turbine shall not exceed 25 hours per year.
Annual hours of start-up shall be calculated as the sum of each consecutive 12-month
period. Compliance for the consecutive 12-month period shall be demonstrated
monthly by adding the total for the most recently completed calendar month to the
individual monthly totals for the preceding 11 months.

g Annual time in shutdown of each combustion turbine shall not exceed 25 hours per
year. Annual hours of shutdown shall be calculated as the sum of each consecutive
12-month period. Compliance for the consecutive 12-month period shall be
demonstrated monthly by adding the total for the most recently completed calendar
month to the individual monthly totals for the preceding 11 months.

1 9VACS5-50-260 (BACT) applies to PMy and PMy3s.
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h.  Each combustion turbine shall operate in “SoLoNOx mode” at all times except for
start-up, shutdown, and when a combustion turbine’s inlet air temperature is less than
0°F. Operation not in “SoLoNOx mode” shall not exceed an annual total of 60 hours
per combustion turbine, calculated as the sum of each consecutive 12-month period.
Compliance for the consecutive 12-month period shall be demonstrated monthly by
adding the total for the most recently completed calendar month to the individual
monthly totals for the preceding 11 months.

(O9VAC5-50-260 and 9VACS5-80-1180)

Emission Controls: The emissions reduction requirements for the compressor engine
(M/L 11) shall be met through engine combustion modifications (high pressure fuel
injection).

(9VAC5-80-1180)

Emission Controls — Emissions from the emergency engine (AUX-04) shall be controlled
by proper engine operation in accordance with the manufacturer’s written instructions, or
procedures developed by the permittee that are approved by the manufacturer, over the
entire life of the engine. In addition, the permittee may only change those settings that are
approved by the manufacturer in a manner consistent with good air pollution control
practices for minimizing emissions.

(9VAC5-50-260 and 9VAC5-80-1180)

Emission Controls — The permittee shall implement the following work practices to reduce
emissions from venting of natural gas from the facility.

a. Emissions from each emergency shutdown (ESD) test shall be controlled by
installation of a block valve directly following each ESD blowdown valve. The block
valve shall be closed prior to initiating any ESD test and shall be opened only after the
ESD blowdown valve has closed.

b.  Except as provided in Condition 8.f, the permittee shall control emissions from the
shutdown of each combustion turbine by maintaining pressurized hold for the
combustion turbine. Pressurized hold shall be achieved by maintaining sufficient
differential pressure between the seal gas and combustion turbine case such that the
dry seal maintains integrity for the entire duration of the shutdown. Sufficient
differential pressure shall be determined for each combustion turbine during the tests
required in Condition 44.

c.  Piglaunching and recovery shall be limited to three events per 12-month period.
Emissions from these events shall be limited to the gas contained in the pig launching
or recovery chambers. The permittee shall have available written operating
procedures to minimize emissions from pig launching and recovery. Compliance for
the consecutive 12-month period shall be demonstrated monthly by adding the total
for the most recently completed calendar month to the individual monthly totals for
the preceding 11 months.
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The permittee shall install a vent gas reduction system (VGRS) to ensure the sufficient
differential pressure required in Condition 8.b is maintained. The VGRS shall be
provided with adequate access for inspection and shall be in operation as necessary to
ensure sufficient differential pressure between the seal gas and combustion turbine
case such that the dry seal is maintained for the respective combustion turbine in
compliance with Condition 8.f.

The permittee shall continuously monitor and record the seal gas pressure and
combustion turbine case pressure for each combustion turbine during pressurized
holds.

For each combustion turbine, the permittee shall vent gas no more than twelve (12)
times per year, calculated monthly as the sum of each consecutive 12-month period.

A combustion turbine may not vent gas unless the combustion turbine case pressure is
less than or equal to 44.7 psia (30 psig). The permittee shall ensure isolation valves
are closed and record the combustion turbine case pressure at the beginning of each
combustion turbine shutdown venting event. The permittee shall minimize the amount
of time for each combustion turbine start-up purge.

(9VACS5-50-260 and 9VACS5-80-1180)

Emission Controls — The permittee shall implement the following work practices to reduce
emissions from leaks of natural gas from the facility.

a.

The permittee shall develop, maintain, and implement a fugitive emission component
monitoring and repair plan. In developing this plan, the definition of “fugitive
emissions component” shall be the same as contained in 40 CFR 60.5430a. This plan
shall consist of a daily auditory/visual/olfactory (AVO) inspection program for all
fugitive emissions components. The plan shall also consist of a quarterly leak
detection survey. A leaking fugitive emissions component for the purpose of the
quarterly survey shall be an instrument reading of 500 ppm or more using Method 21
or an optical gas imaging camera. The instrument utilized must be maintained,
calibrated, and operated in accordance with Method 21 and the manufacturer’s
specifications. The initial survey shall be conducted no later than 60 days after the
facility start-up with subsequent surveys conducted no less frequently than every
calendar quarter. Consecutive surveys shall be no less than 60 days apart.

The first attempt to repair any fugitive emissions component found to be leaking
during an AVO inspection or a quarterly survey shall be made as soon as practicable
but no later than 3 days after discovery. The leaking fugitive emissions component
shall be repaired within 15 days of discovery. The permittee shall maintain a list of
difficult to repair fugitive emissions components, which when leaking, the repair
requires facility shutdown or cannot otherwise be completed within 15 days of
discovery; documentation justifying the inclusion of a fugitive emissions component
on the list shall be included. If a leak is found that will emit more natural gas than the
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required shutdown, the shutdown shall occur and the leak be repaired. If a leak is
found that will emit less natural gas than a facility shutdown, repair may be delayed
until the next facility shutdown unless the emissions from the total delayed repairs
would exceed the emissions of the required shutdown. Records of the daily AVO
inspection results, repair attempts, and the list of long-term leaking fugitive emissions
components and reason for each delay shall be maintained on site.

c.  The monitoring plan shall be submitted to the Blue Ridge Regional Office for review
and approval no later than 60 days prior to start-up of the facility.

d.  The fugitive emissions components on the VGRS shall be part of the daily AVO and
quarterly leak detection survey.

€. A summary of the results of the daily AVO and quarterly LDAR surveys shall be
submitted with the quarterly reports required in Condition 51 detailing leaks detected,
any corrective actions taken to address and minimize the leaks, and the dates of leak
discovery and leak repair.

(O9VACS5-50-260 and 9VACS5-80-1180)

Monitoring Devices — Each combustion turbine (TUR-05, TUR-06) shall be equipped with
devices to continuously measure and record combustion turbine inlet air temperature,
combustion turbine load, and “SoLoNOx” mode. Each monitoring device shall be
installed, maintained, calibrated and operated in accordance with approved procedures that
shall include, as a minimum, the manufacturer’s written requirements or recommendations.
Each monitoring device shall be provided with adequate access for inspection and shall be
in operation when the combustion turbine is operating.

(O9VACS5-50-20 C and 9VACS5-80-1180)

Monitoring Devices — Each SCR system shall be equipped with devices to continuously
measure and record ammonia injection rate, catalyst bed differential pressure, and catalyst
bed inlet gas temperature. Each monitoring device shall be installed, maintained, calibrated
and operated in accordance with approved procedures that shall include, as a minimum, the
manufacturer’s written requirements or recommendations. Each monitoring device shall be
provided with adequate access for inspection and shall be in operation when the SCR
system is operating.

(9VAC5-50-20 C and 9VAC5-80-1180)

Monitoring Devices — Each combustion turbine shall be equipped with devices to
continuously measure and record the seal gas pressure and the combustion turbine case
pressure. Each monitoring device shall be installed, maintained, calibrated and operated in
accordance with approved procedures that shall include, as a minimum, the manufacturer’s
written requirements or recommendations. Each monitoring device shall be provided with
adequate access for inspection and shall be in operation at all times.

(9VACS5-50-20 C and 9VAC5-80-1180)
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Monitoring Devices — Each oxidation catalyst system shall be equipped with a device to
continuously measure and record the gas temperature at the catalyst bed inlet and the
catalyst bed differential pressure. Each monitoring device shall be installed, maintained,
calibrated and operated in accordance with approved procedures that shall include, at a
minimum, the manufacturer’s written requirements or recommendations. Each monitoring
device shall be provided with adequate access for inspection and shall be in operation when
the oxidation catalyst system is operating.

(9VACS5-50-20 C and 9VACS5-80-1180)

Monitoring Device — The emergency engine (AUX-04) shall be equipped with a non-
resettable hour meter to continuously measure hours of operation. The monitoring device
shall be installed, maintained, calibrated, and operated in accordance with approved
procedures, which shall include, as a minimum, the manufacturer’s written requirements or
recommendations. The monitoring device shall be provided with adequate access for
inspection and shall be in operation when the emergency engine is operating.
(O9VAC5-50-20 C and 9VAC5-80-1180)

Monitoring Plan — The permittee shall develop and operate in accordance with an
approved monitoring plan for the monitoring devices identified in Conditions 10, 11, 12,
and 13. The plan shall include ranges for each parameter. The range values shall be
established during the initial performance tests required in Condition 35 and revalidated
during the subsequent performance tests required in Condition 37. Ranges shall be 3-hour
rolling averages. The monitoring plan shall be submitted to the Blue Ridge Regional Office
with the test results as required in Condition 35.

(9VACS5-50-20 C and 9VAC5-80-1180)

Monitoring Device - A Parametric Monitoring Systems (PMS) shall be installed on the
compressor engine (M/L 11) to measure and record the operating performance indicators as
analytical monitoring for NOx emissions. The PMS shall be installed, maintained,
calibrated, and operated in accordance with approved procedures which shall include, as a
minimum, the manufacturer's written requirements or recommendations. Each monitoring
device shall be provided with adequate access for inspection and shall be in operation when
the compressor engine (M/L 11) is operating. The PMS shall collect and record at a
minimum four or more data points equally spaced over each hour the following parameters
at the following frequencies:

(1) Fuel flow (FFscrm) in standard cubic feet per minute (SCFM) on an hourly
average basis

(2) Engine speed (RPM) on an hourly average basis

(3) Air manifold temperature (AMT) in degrees F on an hourly average basis

(4) Critical trapped equivalence ratio (TERc) on an hourly average basis

(5) Engine trapped volume (Vtrap) in cubic feet (ft*) on an hourly average
basis

(6) Actual air manifold pressure (AMPACT) in inches of mercury (in Hg) on
an hourly average basis
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(7) Critical air manifold pressure (AMPC) in inches of mercury (in Hg) on an
hourly average basis

a. Ifthe one (1) hour average actual air manifold pressure (AMPACT) of the compressor
engine (M/L 11) is less than the calculated critical air manifold pressure (AMPC) for a
one-hour period, the permittee shall report a deviation from normal operation.

b.  If any three (3) hour average of AMPACT of the compressor engine (M/L 11) is less
than the calculated AMPC for that engine, the source shall take timely corrective
action such that the affected engine resumes normal operation.

c.  If the three (3) hour average of AMPACT of the affected engine (M/L 11) is less than
the calculated AMPC for that engine for three (3) times during the year, the permittee
shall repeat the testing required in Condition 39 to re-establish the correlation between
parameter levels that indicate proper operation of the compressor engine (M/L 11) and
assure compliance with the NOx limit. Testing shall be completed and the results
submitted to the Blue Ridge Regional Office within ninety (90) days of the third
occurrence.

(9VACS5-80-1180)

17. Monitoring Device - At least once per year, the permittee shall test the compressor engine
(M/L 11) with a portable analyzer to demonstrate the validity of the PMS and compliance
to the NOx emission limit in Condition 24. The engine shall be tested in the “as found”
condition. The engine shall not be adjusted or tuned prior to any test for the purpose of
lowering emissions, then returned to previous setting or operating conditions after the test is
completed. The permittee shall submit the testing protocol for approval to the Blue Ridge
Regional Office at least 30 days prior to the scheduled testing. The portable analyzer shall
be capable of measuring NOx emissions over the full range of expected engine operating
conditions. The permittee shall calibrate the portable analyzer in accordance to the
provisions of 40 CFR Part 60 Appendix A, Method 7E or alternative as approved by the
Administrator and record the results in a logbook.

(O9VACS5-80-1180)

OPERATING LIMITATIONS

18. Fuel — The approved fuel for the combustion turbines (TUR-05, TUR-06) and emergency
engine (AUX-04) is pipeline natural gas. A change in the fuel shall be considered a change
in the method of operation of the combustion turbines (TUR-05, TUR-06) and emergency
engine (AUX-04) and may require a new or amended permit. However, if a change in the
fuel is not subject to new source review permitting requirements, this condition should not
be construed to prohibit such a change.

(9VAC5-50-260 and 9VACS5-80-1180)
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Fuel — The approved fuel for the compressor engine (M/L 11) is pipeline natural gas. A
change in the fuel shall be considered a change in the method of operation of the
compressor engine (M/L 11) and may require a new or amended permit.
(O9VACS5-80-1180)

Fuel Specification — The pipeline natural gas shall not exceed a sulfur content of 1.1 grains
of sulfur per 100 standard cubic feet at any time.
(9VACS5-80-1180)

Fuel Monitoring — The permittee shall use the fuel quality characteristics in a current,
valid purchase contract, tariff sheet, or transportation contract for the fuel, specifying that
the maximum total sulfur content for the natural gas being fired at the natural gas
compressor station facility is 1.1 grains of sulfur or less per 100 standard cubic feet. In the
alternative, the permittee may perform annual fuel analysis of on-site natural gas. The
details of the tests are to be arranged with the Blue Ridge Regional Office. The permittee
shall submit a test protocol at least 30 days prior to testing. One copy of the test results
shall be submitted to the Blue Ridge Regional Office no later than 60 days after test
completion and shall conform to the test report format enclosed with this permit.
(9VAC5-50-410 and 9VAC5-80-1180)

Operating Hours — The emergency engine (AUX-04) shall be operated for the purposes of
maintenance, testing, and emergencies (as defined in 9VAC5-80-1110C) only. The
emergency engine (AUX-04) shall not operate more than 500 hours per year, calculated
monthly as the sum of each consecutive 12-month period. Compliance for the consecutive
12-month period shall be demonstrated monthly by adding the total for the most recently
completed calendar month to the individual monthly totals for the preceding 11 months.
(9VACS5-50-260 and 9VACS5-80-1180)

Requirements by Reference — Except where this permit is more restrictive than the
applicable requirement, the combustion turbines (TUR-05, TUR-06) as described in the
Introduction shall be operated in compliance with the requirements of 40 CFR 60, Subpart
KKKK.

(9VACS5-50-400, 9VAC5-50-410, and 9VAC5-80-1180)

EMISSION LIMITS

24.

Emission Limits — Emissions from the operation of the compressor engine (M/L 11) shall
not exceed the limits specified below:

Nitrogen Oxides (as NO») 19.20 Ib/hr

These emissions are derived from the estimated overall emission contribution from
operating limits. Exceedance of the operating limits may be considered credible evidence
of the exceedance of emission limits. Compliance with these emission limits may be
determined as stated in Conditions 6, 17, 19, 39 and 50.

(9VAC5-80-1180)
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Emission Limits — Emissions from the operation of the emergency engine (AUX-04) shall
not exceed the limits specified below:

Nitrogen Oxides (as NOz) 2.0 g/hp-hr 1.62 ton/yr
Carbon Monoxide 4.0 g/hp-hr 3.24 ton/yr
Volatile Organic Compounds 1.0 g/hp-hr 0.81 ton/yr

These emissions are derived from the estimated overall emission contribution from
operating limits. Annual emissions shall be calculated monthly as the sum of each
consecutive 12-month period Exceedance of the operating limits may be considered
credible evidence of the exceedance of emission limits. Compliance with these emission
limits may be determined as stated in Conditions 7, 22, 36, 38 and 50.

(9VACS5-50-260 and 9VACS5-80-1180)

Emission Limits — During the first 12-month period of operation, emissions from the
operation of each Solar Titan combustion turbine (TUR-05, TUR-06) shall not exceed the
limits specified below?:

Nitrogen Oxides (as NO3) 5.00 ppmvd @15% Ox* 3.451b/hr*  15.32 ton/yr
Carbon Monoxide 2.00 ppmvd @15% O2* 0.84 Ib/hr*  5.47 ton/yr

Volatile Organic Compounds 2.50 ppmvd @15% O»* 0.60 Ib/hr*  3.18 ton/ yr

PM (filterable) 1.33 Ib/he*  5.81 ton/yr
PMo (total) 1.33 Ib/hr*  5.81 ton/yr
PM3 5 (total) 1.33 Ib/hr*  5.81 ton/ yr
Sulfur Dioxide 0.68 Ib/hr*  2.98 ton/yr

*Limits are a 3-hour average and do not apply during periods of start-up, shutdown, or
when ambient temperatures are below 0°F. The emission rates for startup/shutdown
periods and low temperature operating mode (< 0°F and > 50% load) are listed in
Condition 28.

These emissions are derived from the estimated overall emission contribution from
operating limits. Annual emissions shall be calculated monthly as the sum of each
consecutive 12-month period and shall include startup and shutdown periods, and when
ambient temperatures are below 0 °F as applicable. Exceedance of the operating limits may

29VACS5-50-260 (BACT) refers to NOx, CO, VOC, PMjo and PM» 5 emissions for turbines TUR-05 and TUR-06.



27.

28.

Transcontinental Gas Pipeline Company, LLC
Registration Number: 30864

January 28, 2020

Page 12 of 27

be considered credible evidence of the exceedance of emission limits. Compliance with
these emission limits may be determined as stated in Conditions 2, 3, 4, 5, 35 and 50.
(9VACS5-50-260 and 9VAC5-80-1180)

Emission Limits — Beginning 12-months after start-up, during each 12-month period of
operation, emissions from the operation of each Titan combustion turbine (TUR-05, TUR-
06) shall not exceed the limits specified below':

Nitrogen Oxides (as NOy) 3.75 ppmvd @15% O2* 2.59 Ib/hr*  11.54 ton/yr
Carbon Monoxide 2.00 ppmvd @15% Oz* 0.84 Ib/hr*  5.47 ton/yr

Volatile Organic Compounds 2.50 ppmvd @15% O2* 0.60 Ib/hr*  3.18 ton/yr

PM 1.33 Ib/hr*  5.81 ton/yr
PMio 1.33 Ib/hr*  5.81 ton/yr
PM: s 1.33 Ib/hr*  5.81 ton/yr
Sulfur Dioxide 0.68 Ib/hr*  2.98 ton/yr

*Limits are a 3-hour average and do not apply during periods of start-up, shutdown, or
when ambient temperatures are below 0°F. The NOx emission rates for startup/shutdown
periods and low temperature operating mode (< 0°F and > 50% load) are listed in
Condition 29.

These emissions are derived from the estimated overall emission contribution from
operating limits. Annual emissions shall be calculated monthly as the sum of each
consecutive 12-month period and shall include startup and shutdown periods, and when
ambient temperatures are below 0°F as applicable. Exceedance of the operating limits may
be considered credible evidence of the exceedance of emission limits. Compliance with
these emission limits may be determined as stated in Conditions 2, 3, 4, 5, Error!
Reference source not found.35, 37 and 50.

(OVACS5-50-260 and 9VACS5-80-1180)

Emission Limits for Non-Standard Operating Modes — During the first 12-month period
of operation, emissions during start-up, shutdown, and low temperature mode from each
Titan combustion turbine (TUR-05, TUR-06) shall not exceed the limits specified below:

Start-up Shutdown Low Temp Mode (<0 °F)
Nitrogen Oxides (as NOz) 1.00 Ib/event 1.00 Ib/event 16.10 lb/hr

These emissions are derived from the estimated overall emission contribution from
operating limits. Exceedance of the operating limits may be considered credible evidence of
the exceedance of emission limits. Compliance with this emission limit may be determined
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as stated in Conditions 44 and 50.

(9VACS5-50-260 and 9VACS5-80-1180)

Emission Limits for Non-Standard Operating Modes — Beginning 12-months after start-
up, during each 12-month period of operation, emissions during start-up, shutdown, and
low temperature mode from each Titan combustion turbine (TUR-05, TUR-06) shall not
exceed the limits specified below:

Start-up Shutdown Low Temp Mode (<0 °F)
Nitrogen Oxides (as NO2) 1.00 Ib/event 1.00 Ib/event 12.08 Ib/hr

These emissions are derived from the estimated overall emission contribution from
operating limits. Exceedance of the operating limits may be considered credible evidence
of the exceedance of emission limits. Compliance with this emission limit may be
determined as stated in Conditions 44 and 50.

(9VAC5-50-260 and 9VAC5-80-1180)

Emission Limits — Volatile organic compounds emissions shall not exceed the limits
specified below:

Fugitive Emissions Components 0.89 ton/yr
Combined Combustion Turbine Venting (Start-up and Shutdown) 0.38 ton/yr

These emissions are derived from the estimated overall emission contribution from
operating limits. Exceedance of the operating limits may be considered credible evidence
of the exceedance of emission limits. Compliance with these emission limits may be
determined as stated in Conditions 8, 9, Error! Reference source not found.43, and 50.
(9VAC5-50-260 and 9VAC5-80-1180)

Visible Emission Limit — Visible emissions from the each combustion turbine (TUR-05,
TUR-06) shall not exceed 5% opacity as determined by EPA Method 9 (reference 40 CFR
60, Appendix A).

(9VAC5-50-260 and 9VACS5-80-1180)

Visible Emission Limit — Visible emissions from the emergency engine (AUX-04) shall
not exceed 5% opacity as determined by EPA Method 9 (reference 40 CFR 60, Appendix
A).

(9VAC5-50-260 and 9VAC5-80-1180)

Visible Emission Limit — Visible emission observations from combustion turbines (TUR-
05, TUR-06) shall be conducted at least once a week. If visible emissions are observed, the
permittee shall take timely corrective action such that the equipment resumes operation
with no visible emissions or perform a visible emission evaluation (VEE) in accordance
with 40 CFR 60, Appendix A, Method 9 to assure visible emissions from the emission unit
is less than five (5) percent opacity. A record of the date, time, observer, cause and
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corrective measures taken shall be made. If no visible emissions were observed, a record of
the date, time and observer shall be made. These records shall be maintained on site by the
permittee for the most recent 5-year period.

(9VACS5-80-1180)

TESTING

34.

35.

36.

37.

Emissions Testing — The facility shall be constructed so as to allow for emissions testing
upon reasonable notice at any time, using appropriate methods. Sampling ports, safe
sampling platforms, and access shall be provided when requested.

(9VACS5-50-30 F and 9VAC5-80-1180)

Stack Test — Initial performance tests shall be conducted for CO, VOC, PM,o, and PM2 5
from each combustion turbine (TUR-05, TUR-06) to determine compliance with the
emission limits contained in Condition 26. The tests shall be performed, reported, and
demonstrate compliance within 60 days after achieving the maximum production rate at
which the facility will be operated but in no event later than 180 days after start-up of the
permitted facility. Tests shall be conducted and reported and data reduced as set forth in
9VACS5-50-30, and the test methods and procedures contained in each applicable section or
subpart listed in 40CFR Part 51 Appendix M or 9VAC5-50-410. The details of the tests are
to be arranged with the Blue Ridge Regional Office. The permittee shall submit a test
protocol at least 30 days prior to testing. One copy of the test results shall be submitted to
the Blue Ridge Regional Office within 60 days after achieving the maximum production
rate at which the facility will be operated but in no event later than 180 days after start-up
of the permitted facility and shall conform to the test report format enclosed with this
permit.

(9VAC5-50-30 and 9VAC5-80-1200)

Stack Test — Initial performance tests shall be conducted for NOx, CO, and VOC from the
emergency engine (AUX-04) to determine compliance with the emission limits contained in
Condition 25. The tests shall be performed, reported, and demonstrate compliance within
60 days after achieving the maximum production rate at which the facility will be operated
but in no event later than 180 days after start-up of the permitted facility. Tests shall be
conducted and reported and data reduced as set forth in 9VAC5-50-30, and the test methods
and procedures contained in each applicable section or subpart listed in 9VAC5-50-410.
The details of the tests are to be arranged with the Blue Ridge Regional Office. The
permittee shall submit a test protocol at least 30 days prior to testing. One copy of the test
results shall be submitted to the Blue Ridge Regional Office within 60 days after achieving
the maximum production rate at which the facility will be operated but in no event later
than 180 days after start-up of the permitted facility and shall conform to the test report
format enclosed with this permit.

(9VACS5-50-30 and 9VAC5-80-1200)

Stack Test — The permittee shall repeat the performance tests contained in Condition 35
every two years to determine compliance with the emission limits contained in Condition
27. Subsequent tests shall be performed no later than 26 months after the previous test.
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The permittee shall submit a test protocol at least 30 days prior to testing. One copy of the
test results shall be submitted to the Blue Ridge Regional Office no later than 60 days after
test completion and shall conform to the test report format enclosed with this permit.
(9VACS5-50-30 and 9VAC5-80-1200)

Stack Test — The permittee shall repeat the performance tests contained in Condition 36
every 8,760 hours of operation or 36 months, whichever is earlier. The permittee shall
submit a test protocol at least 30 days prior to testing. One copy of the test results shall be
submitted to the Blue Ridge Regional Office no later than 60 days after test completion and
shall conform to the test report format enclosed with this permit.

(9VAC5-50-30 and 9VAC5-80-1200)

PMS Relative Accuracy Test — Unless previously completed, the permittee shall perform
a minimum of nine (9) emissions tests runs to establish a correlation between the engine
operating parameters in Condition 16 and NOx emissions in Condition 24 from the
compressor engine (M/L 11) using the following equation and constants A, B, and C
referenced below:

AMPc= {AFsr x (0.0765 x FSG) x FFscrv x (AMT + 460)}
[{ RPM }—14.73]1x 2.036
(2.699 x TERc x VTRAP)

Where:

AMPc = critical air manifold pressure in inches of mercury (in Hg)

AFst = stoichiometric air/fuel ratio

FSG = fuel gas specific gravity

FFscrm = unit fuel flow rate in standard cubic feet per minute (SCFM)
RPM = unit speed in revolutions per minute

AMT = air manifold temperature in °F

TERc = critical trapped equivalence ratio

VTRAP = engine trapped volume in cubic feet (ft°)

And:

TER. = A x (FFscem)’* + B x (FFscrm) + C
(RPM)? (RPM)

Where:

A, B, and C = constants determined based upon initial performance testing of affected
unit.

(OVAC5-80-1180)
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40. Test Protocol and Results - Tests for compressor engine (M/L 11) shall be conducted and

41.

42.

43.

reported and data reduced as set forth in 9VAC5-50-30 and the test methods and procedures
contained in each applicable section listed in 40 CFR Part 60, Appendix A or alternative as
approved by the Administrator. The details of the tests are to be arranged with the Blue
Ridge Regional Office. The permittee shall submit a test protocol at least 30 days prior to
the scheduled testing. One copy of the test results shall be submitted to the Blue Ridge
Regional Office within 45 days after test completion and shall conform to the test report
format enclosed with this permit.

(9VACS5-80-1180)

Future Testing - If the compressor engine (M/L 11) is changed in a manner that results in
significant changes in the parameters established in Condition 39, the permittee shall repeat
the testing required in Condition 39 to re-establish the correlation between parameter levels
that indicate proper operation of the affected engine (Ref. M/L 11) and assure compliance
with the NOx limit. Testing shall be completed and the results submitted to the Blue Ridge
Regional Office within ninety (90) days of the engine change.

(9VAC5-80-1180)

Visible Emissions Evaluation — Concurrently with the initial performance tests in
Conditions 35 and 36 and subsequent performance tests in Conditions 37 and 38, Visible
Emission Evaluations (VEE) in accordance with 40 CFR Part 60, Appendix A, Method 9,
shall also be conducted by the permittee. Each test shall consist of 30 sets of 24
consecutive observations (at 15 second intervals) to yield a six-minute average. The details
of the tests are to be arranged with the Blue Ridge Regional Office. The permittee shall
submit a test protocol at least 30 days prior to testing. The initial test shall be performed,
reported, and demonstrate compliance within 60 days after achieving the maximum
production rate at which the facility will be operated but in no event later than 180 days
after start-up of the permitted facility. Should conditions prevent concurrent opacity
observations, the Blue Ridge Regional Office shall be notified in writing, within seven
days, and visible emissions testing shall be rescheduled within 30 days. Rescheduled
testing shall be conducted under the same conditions (as possible) as the initial performance
tests. One copy of the test results shall be submitted to the Blue Ridge Regional Office
within 60 days after achieving the maximum production rate at which the facility will be
operated but in no event later than 180 days after start-up of the permitted facility and shall
conform to the test report format enclosed with this permit.

(9VAC5-50-30 and 9VAC5-80-1200)

VGRS Evaluation - The permittee shall ensure proper operation and maintenance of the
pressurized hold required in Condition 8.b by performing an evaluation for each
combustion turbine by quantitative analysis of leaks during a pressurized hold using
Method 21 or an optical gas imaging camera. The seal gas pressure and the combustion
turbine case pressure shall be monitored during this evaluation to ensure continued proper
operation of the VGRS and shall form acceptable ranges for on-going operation. The initial
evaluation shall be performed, reported, and demonstrate compliance within 60 days after
achieving the maximum production rate at which the facility will be operated but in no
event later than 180 days after start-up of the permitted facility. Subsequent annual
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evaluations shall be performed, reported, and demonstrate compliance thereafter at a period
not to exceed 13 months from the preceding evaluation. The test report shall conform to
the test report format enclosed with this permit and shall include the established pressure

ranges.
(9VACS5-50-30 and 9VAC5-80-1200)

CONTINUOUS EMISSION MONITORING SYSTEMS (CEMS)

44,

45.

46.

47.

CEMS - Continuous Emission Monitoring Systems, meeting the design specifications of 40
CFR Part 60, Appendix B, shall be installed to measure and record the emissions of
nitrogen oxides (NOx) and the oxygen content of the exhaust gas from the compressor
turbine stack as ppmvd corrected to 15% O>. Except where otherwise approved by the
DEQ, the CEMS shall be installed, calibrated, maintained, audited and operated in
accordance with the requirements of 40 CFR 60.13, 40 CFR 60, Subpart KKKK and 40
CFR 60, Appendices B and F. Data shall be reduced to 3-hour rolling averages, using
procedures approved by the Blue Ridge Regional Office.

(9VAC5-50-40 and 9VAC5-80-1180)

CEMS Performance Evaluations - Performance evaluations of the CEMS shall be
conducted in accordance with 40 CFR Part 60, Appendix B, and shall take place during the
performance tests required by Conditions 35 and 37 or within 30 days thereafter. One copy
of the performance evaluations report shall be submitted to the DEQ within 45 days of the
evaluation. The CEMS shall be installed and operational prior to conducting initial
performance tests. Verification of operational status shall, as a minimum, include
completion of the manufacturer's written requirements or recommendations for installation,
operation and calibration of the device. A 30 day notification, prior to the demonstration of
the CEMS performance, and subsequent notifications, shall be submitted to the Blue Ridge
Regional Office.

(9VAC5-80-1180 and 9VAC5-50-40)

CEMS Quality Control Program - A CEMS quality control program which is equivalent
to the requirements of 40 CFR 60.13 and 40 CFR 60 Appendix F shall be implemented for
all continuous emissions monitoring systems.

(9VACS5-80-1180 and 9VACS5-50-40)

CEMS Excess Emissions and Monitor Downtime for NOx - For the purpose of this
permit, periods of excess emissions and monitor downtime that must be reported under
Condition 48 are defined as follows:

a. An excess emission is any unit operating period in which the 3-hour rolling average
NOx emission rate exceeds the applicable emission limit in Conditions 26 or 27 and

b. A period of monitor downtime is any unit operating hour in which the data for any of
the following parameters are either missing or invalid: NOx concentration, O
concentration and fuel flow rate.
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(OVACS5-50-50 and 9VAC5-50-410)

48. CEMS Reports - The permittee shall furnish written reports to the DEQ of excess
emissions from any process monitored by a CEMS with the quarterly report required in
Condition 51. These reports shall include, but are not limited to the following information:

a. The magnitude of excess emissions, any conversion factors used in the calculation of
excess emissions, and the date and time of commencement and completion of each
period of excess emissions;

b.  Specific identification of each period of excess emissions that occurs during startups,
shutdowns, and malfunctions of the process, the nature and cause of the malfunction
(if known), the corrective action taken or preventative measures adopted;

c. The date(s) and time(s) identifying each period during which the CEMS was
inoperative except for zero and span checks and the nature of the system repairs or
adjustments; and

d.  When no excess emissions have occurred or the CEMS have not been inoperative,
repaired or adjusted, such information shall be stated in that report.

(9VAC5-80-1180 and 9VAC5-50-50)
ADDITIONAL REQUIREMENTS

49. Ambient Air Quality Monitoring — The permittee shall conduct ambient air monitoring
for NO2 beginning with the startup of either combustion turbine (TUR-05, TUR-06). No
later than 180 days prior to startup of the combustion turbines (TUR-05, TUR-06), the
permittee shall submit an Ambient Air Quality Monitoring Quality Assurance Project Plan
(QAPP) for approval by the Blue Ridge Regional Office. The Quality Assurance Project
Plan shall be developed consistent with the requirements of EPA’s “Guide to Writing
Quality Assurance Project Plans for Ambient Air Monitoring Networks” (EPA-454/8-18-
006). The permittee shall not certify ambient monitoring data without an approved QAPP.
The plan shall include, at a minimum, all the elements described in EPA-454/8-18-006 in
addition to the following elements:

a.  Description of the site selection process for air quality and meteorological monitors;

b.  Description of procedures for all aspects of the operation of monitoring equipment
including maintenance, data processing, data validation, data reporting and data
certification. These procedures shall be developed consistent with the requirements
described in EPA’s “Guidance for Preparing Standard Operating Procedures (SOPs)”
(EPAQA/G-6). The SOPs shall be submitted to the Blue Ridge Regional Office for
approval with the QAPP.
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All monitoring and associated tasks shall conform to, at a minimum, the applicable
requirements of 40 CFR Parts 50, 53, 58, and any other requirements specified by the
Blue Ridge Regional Office.

Performance Evaluations (PE) for all monitoring equipment installed consistent with
these conditions shall be performed by the permittee or their designated representative.
These PEs shall be performed consistent with the requirements of 40 CFR Part 58,
Appendix A Section 3. Results of the PE shall be submitted to the Blue Ridge
Regional Office 3 months after the performance date of the PE. The permittee shall be
responsible for submitting the results of the PE to the EPA Air Quality Subsystem
database. If the PE does not meet the requirements of the 40 CFR Part 58 Section 3,
the Blue Ridge Regional Office shall be notified prior to the submittal of the data to
the AQS database. This notification is to include any remedial action taken or planned
to be taken by the permittee to bring the system into compliance with the requirements
of 40 CFR Part 58 Section 3.

The Blue Ridge Regional Office will approve the monitoring location(s) based on EPA’s
siting criteria and the proximity to the maximum modeled impact from the compressor
station for each pollutant. Completion of ambient air monitoring subject to approval by the
Blue Ridge Regional Office.

(9VACS5-80-1180)

RECORDS AND REPORTING

50. On Site Records — The permittee shall maintain records of emission data and operating
parameters as necessary to demonstrate compliance with this permit. The content and
format of such records shall be arranged with the Blue Ridge Regional Office. These
records shall include, but are not limited to:

a.

Monthly and annual consumption of natural gas for the turbines (TUR-05, TUR-06)
and emergency engine (AUX-04). Annual throughput shall be calculated monthly as
the sum of each consecutive 12-month period. Compliance for the consecutive 12-
month period shall be demonstrated monthly by adding the total for the most recently
completed calendar month to the individual monthly totals for the preceding 11
months.

Operation and control device monitoring records as required in Conditions 8, 9, 10,
11, 12, 13, 14, and 21.

Records for each event when a combustion turbine does not operate in “SoLoNOx
mode” shall include event duration, event reason, and annual hours. Annual hours
shall be calculated monthly as the sum of each consecutive 12-month period.
Compliance for the consecutive 12-month period shall be demonstrated monthly by
adding the total for the most recently completed calendar month to the individual
monthly totals for the preceding 11 months.



51.

P.

q.

Transcontinental Gas Pipeline Company, LLC
Registration Number: 30864

January 28, 2020

Page 20 of 27

Documentation from Solar for all parameters and their ranges that are relevant to the
“SoLoNOx mode” determination.

Records of fuel quality characteristics to demonstrate compliance with Condition 21.
Monthly emissions calculations for NOx, CO, VOC, PM, PMio, PM2 5, and SO from
the combustion turbines (TUR-05, TUR-06) and emergency engines (AUX-04) using
calculation methods approved by the Blue Ridge Regional Office to demonstrate
compliance with the annual emission limitations in Conditions 25, 26, 27, and 30.
Scheduled and unscheduled maintenance and operator training.

Records of actual piping pressure prior to venting gas from that section of piping, the
clock time for the opening and closing of any vent valve, the amount of gas vented
during the event, and any mitigation measures used. These records include the ESD

testing, combustion turbine start-up purge, and combustion turbine shutdown venting.

Records of the time, date, and duration of each combustion turbine start-up and
shutdown event.

Records of the operating time and reason for each operation of the emergency engine
(AUX-04)

Results of all stack test data, VGRS evaluations, and visible emissions evaluations.
CEMS calibrations, calibration checks, percent operating time, and excess emissions.
The occurrence and duration of any periods during which a CEMS is inoperative.

Periodic monitoring records for the compressor engine (M/L 11) necessary to
demonstrate compliance with the NOx emission limit in Condition 24.

Calculations for the compressor engine (M/L 11) demonstrating compliance with the
NOx emissions limit listed in Condition 24.

A summary of any corrective maintenance taken.

Records of the portable analyzer calibration for the compressor engine (M/L 11).

These records shall be available for inspection by the DEQ and shall be current for the most

recent five years.
(O9VACS5-80-1180 and 9VACS5-50-50)

Reporting - The permittee shall submit a certification of compliance with all terms and
conditions of this permit, including emission limitation standards or work practices, as well
as any other applicable requirement to the Blue Ridge Regional Office no later than March
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1 and September 1 of each calendar year. This report must be signed by a responsible
official, consistent with 9VAC5-20-230. The time periods to be addressed are January 1 to
June 30 and July 1 to December 31. Each report shall include the following information:

a.

b.

c.

Exceedances of emissions limitations or operational restrictions;

Excursions from control device operating parameter requirements, as documented by
continuous emission monitoring;

Failure to meet monitoring, recordkeeping, or reporting requirements contained in this
permit;

Summary results of the daily AVO and quarterly LDAR surveys required in Condition
9; and

Excess emission reports required in Condition 48.

If there were no deviations from permit conditions during the time period, the permittee
shall include a statement in the report that "no deviations from permit requirements
occurred during this semi-annual reporting period." These reports shall be maintained and
shall be current for the most recent five years.

(9VAC5-80-1180 and 9VAC5-50-50)

NOTIFICATIONS

52. Initial Notifications — The permittee shall furnish written notification to the Blue Ridge
Regional Office of:
a.  The actual date on which construction of the combustion turbines (TUR-05 and TUR-

06) and the emergency engine (AUX-04) commenced within 30 days after such date.

The actual date on which shutdown of the Clark TLA-6 reciprocating engines (M/L1 —
M/L10) occurred within 15 days of such date.

The anticipated start-up date of the combustion turbines (TUR-05 and TUR-06) and
the emergency engine (AUX-04) postmarked not more than 60 days nor less than 30
days prior to such date.

The actual start-up date of the combustion turbines (TUR-05 and TUR-06) and the
emergency engine (AUX-04) within 15 days after such date.

The anticipated date of performance tests postmarked at least 30 days prior to such
date.

Copies of the written notification referenced in items 52.a, and 52.c through 52.¢
above are to be sent to:
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Associate Director

Office of Air Enforcement and Compliance Assistance (3AP20)
U.S. Environmental Protection Agency

Region III

1650 Arch Street

Philadelphia, PA 19103-2029

(O9VAC5-50-50 and 9VAC5-80-1180)

GENERAL CONDITIONS

53. Permit Invalidation — This permit to construct the combustion turbines (TUR-05 and
TUR-06) and the emergency engine (AUX-04) shall become invalid, unless an extension is
granted by the DEQ, if:

54.

55.

a.

A program of continuous construction is not commenced within 18 months from the
date of this permit.

A program of construction is discontinued for a period of 18 months or more, or is not
completed within a reasonable time, except for a DEQ approved period between
phases of the phased construction of a new stationary source or project.

(9VAC5-80-1210)

Permit Suspension/Revocation — This permit may be suspended or revoked if the
permittee:

a.

Knowingly makes material misstatements in the permit application or any
amendments to it;

Fails to comply with the conditions of this permit;
Fails to comply with any emission standards applicable to a permitted emissions unit;

Causes emissions from the stationary source which result in violations of, or interfere
with the attainment and maintenance of, any ambient air quality standard; or

Fails to operate in conformance with any applicable control strategy, including any
emission standards or emissions limitations, in the State Implementation Plan in effect
at the time an application for this permit is submitted.

(9VAC5-80-1210 G)

Right of Entry — The permittee shall allow authorized local, state, and federal
representatives, upon the presentation of credentials:
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To enter upon the permittee's premises on which the facility is located or in which any
records are required to be kept under the terms and conditions of this permit;

To have access to and copy at reasonable times any records required to be kept under
the terms and conditions of this permit or the State Air Pollution Control Board
Regulations;

To inspect at reasonable times any facility, equipment, or process subject to the terms
and conditions of this permit or the State Air Pollution Control Board Regulations;
and

To sample or test at reasonable times.

For purposes of this condition, the time for inspection shall be deemed reasonable during
regular business hours or whenever the facility is in operation. Nothing contained herein
shall make an inspection time unreasonable during an emergency.

(9VACS5-170-130 and 9VACS5-80-1180)

Maintenance/Operating Procedures — At all times, including periods of start-up,
shutdown, and malfunction, the permittee shall, to the extent practicable, maintain and
operate the affected source, including associated air pollution control equipment, in a
manner consistent with good air pollution control practices for minimizing emissions.

The permittee shall take the following measures in order to minimize the duration and
frequency of excess emissions, with respect to air pollution control equipment and process
equipment which affect such emissions:

a.

Develop a maintenance schedule and maintain records of all scheduled and non-
scheduled maintenance.

Maintain an inventory of spare parts.

Have available written operating procedures for equipment. These procedures shall be
based on the manufacturer's recommendations, at a minimum.

Train operators in the proper operation of all such equipment and familiarize the
operators with the written operating procedures, prior to their first operation of such
equipment. The permittee shall maintain records of the training provided including
the names of trainees, the date of training and the nature of the training.

Records of maintenance and training shall be maintained on site for a period of five years
and shall be made available to DEQ personnel upon request.
(9VAC5-50-20 E and 9VAC5-80-1180 D)
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Record of Malfunctions — The permittee shall maintain records of the occurrence and
duration of any bypass, malfunction, shutdown, or failure of the facility or its associated air
pollution control equipment that results in excess emissions for more than one hour.
Records shall include the date, time, duration, description (emission unit, pollutant affected,
cause), corrective action, preventive measures taken and name of person generating the

record.
(9VAC5-20-180 J and 9VACS5-80-1180 D)

Notification for Facility or Control Equipment Malfunction — The permittee shall
furnish notification to the Blue Ridge Regional Office of malfunctions of the affected
facility or related air pollution control equipment that may cause excess emissions for more
than one hour. Such notification shall be made no later than four daytime business hours
after the malfunction is discovered. The permittee shall provide a written statement giving
all pertinent facts, including the estimated duration of the breakdown, within 14 days of
discovery of the malfunction. When the condition causing the failure or malfunction has
been corrected and the equipment is again in operation, the permittee shall notify the Blue
Ridge Regional Office.

(9VAC5-20-180 C and 9VAC5-80-1180)

Violation of Ambient Air Quality Standard — The permittee shall, upon request of the
DEQ, reduce the level of operation or shut down a facility, as necessary to avoid violating
any primary ambient air quality standard and shall not return to normal operation until such
time as the ambient air quality standard will not be violated.

(9VACS5-20-180 I and 9VACS5-80-1180)

Change of Ownership — In the case of a transfer of ownership of the stationary source, the
new owner shall abide by any current minor NSR permit issued to the previous owner. The
new owner shall notify the Blue Ridge Regional Office of the change of ownership within
30 days of the transfer.

(9VAC5-80-1240)

Permit Copy — The permittee shall keep a copy of this permit on the premises of the
facility to which it applies.
(9VAC5-80-1180)

STATE-ONLY ENFORCEABLE (SOE) REQUIREMENTS

The following terms and conditions are included in this permit to implement the requirements of
9VAC5-40-130 et seq., 9VAC5-50-130 et seq., 9VAC5-60-200 et seq. and/or 9VACS5-60-300 et
seq. and are enforceable only by the Virginia Air Pollution Control Board. Neither their
inclusion in this permit nor any resulting public comment period make these terms federally
enforceable.

62.

(SOE) Operating Limit — The testing of either Station 166 emergency engine (ENG1,
ENG2) shall not coincide with the startup or shutdown of any Station 165 or 166 turbine
(TUR-01 - TUR-06).

(9VACS5-60-320, 9VAC5-80-1120F, and 9VAC5-80-1180)
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63. (SOE) Emission Limits — Formaldehyde (CAS# 50-00-0) emissions from the facility shall
not exceed the limits specified below:

TUR-05 0.30 Ib/hr* 0.29 Ib/hr** 1.66 ton/yr
TUR-06 0.30 1b/hr* 0.29 Ib/hr** 1.66 ton/yr
AUX-04 0.64 Ib/hr 0.16 ton/yr
Total Facility 1.24 1b/hr 3.48 ton/yr

* Limit applies only when ambient temperatures are below 0°F and the turbine is operating
at greater than or equal to 50% load — not during start-up or shutdown.

** Limit applies only when ambient temperatures are greater than or equal to 0°F and the
turbine is operating at greater than or equal to 50% load — not during start-up or shutdown.

Annual emissions shall be calculated monthly as the sum of each consecutive 12-month
period. These emissions are derived from the estimated overall emission contribution from
operating limits. Exceedance of the operating limits may be considered credible evidence
of the exceedance of emission limits. Compliance with these emission limits may be
determined as stated in Conditions 3, 5, 7, 8, 22, 66, 67, and 69.

(9VAC5-60-320, 9VAC5-80-1120F, and 9VAC5-80-1180)

64. (SOE) Emission Limits — Start-up and shutdown emissions of Formaldehyde (CAS# 50-
00-0) from TUR-05 and TUR-06, shall not exceed the limits specified below:

Start-up 2.90 Ib/event 3.15 Ib/hr
Shutdown 2.40 Ib/event 2.65 Ib/hr

These emissions are derived from the estimated overall emission contribution from
operating limits. Exceedance of the operating limits may be considered credible evidence
of the exceedance of emission limits. Compliance with these emission limits may be
determined as stated in Conditions 3, 5, 7, 22, 66, 67, and 69.

(9VACS-60-320, 9VACS5-80-1120F, and 9VACS5-80-1180)

65. (SOE) Emission Limits — Hexane (CAS# 110-54-3) emissions from venting events at the
facility shall not exceed the limits specified below:

TUR-05 0.24 Ib/hr
TUR-06 0.24 Ib/hr

Compliance with these limits may be determined as stated in Conditions 8, 68, and 69.
(9VAC5-60-320, 9VAC5-80-1120F, and 9VAC5-80-1180)
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(SOE) Stack Test — Concurrently with the performance tests in Condition 35 and 37, initial
performance tests shall be conducted for formaldehyde from the compressor turbines
(TUR-05, TUR-06) to determine compliance with the emission limits contained in
Condition 63. The tests shall be performed, reported, and demonstrate compliance within
60 days after achieving the maximum production rate at which the facility will be operated
but in no event later than 180 days after start-up of the permitted facility. Tests shall be
conducted and reported and data reduced as set forth in 9VAC5-60-30, and the test methods
and procedures contained in each applicable section or subpart listed in 9VAC5-60-100.
The details of the tests are to be arranged with the Blue Ridge Regional Office. The
permittee shall submit a test protocol at least 30 days prior to testing. One copy of the test
results shall be submitted to the Blue Ridge Regional Office within 60 days after achieving
the maximum production rate at which the facility will be operated but in no event later
than 180 days after start-up of the permitted facility and shall conform to the test report
format enclosed with this permit.

(9VACS5-60-30, 9VAC5-80-1120F, and 9VAC5-80-1180)

(SOE) Stack Test — Concurrently with the performance tests in Conditions 36 and 38,
initial performance tests shall be conducted for formaldehyde from the emergency engine
(AUX-04) to determine compliance with the emission limit contained in Condition 63. The
tests shall be performed, reported, and demonstrate compliance within 60 days after
achieving the maximum production rate at which the facility will be operated but in no
event later than 180 days after start-up of the permitted facility. Tests shall be conducted
and reported and data reduced as set forth in 9VAC5-60-30, and the test methods and
procedures contained in each applicable section or subpart listed in 9VAC5-60-100. The
details of the tests are to be arranged with the Blue Ridge Regional Office. The permittee
shall submit a test protocol at least 30 days prior to testing. One copy of the test results
shall be submitted to the Blue Ridge Regional Office within 60 days after achieving the
maximum production rate at which the facility will be operated but in no event later than
180 days after start-up of the permitted facility and shall conform to the test report format
enclosed with this permit.

(9VAC5-60-30, 9VAC5-80-1180, and 9VACS5-80-1120F)

(SOE) Fuel Monitoring — The permittee shall use the fuel quality characteristics in a
current, valid purchase contract, tariff sheet, or transportation contract for the fuel,
specifying the maximum hexane content for the natural gas being fired at the natural gas
compressor station facility. In the alternative, the permittee may perform annual fuel
analysis of on-site natural gas. The details of the tests are to be arranged with the Blue
Ridge Regional Office. The permittee shall submit a test protocol at least 30 days prior to
testing. One copy of the test results shall be submitted to the Blue Ridge Regional Office
no later than 60 days after test completion and shall conform to the test report format
enclosed with this permit.

(OVACS5-80-1120F and 9VACS5-80-1180)

(SOE) On Site Records — The permittee shall maintain records of emission data and
operating parameters as necessary to demonstrate compliance with this permit. The content
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and format of such records shall be arranged with and approved by the Blue Ridge Regional
Office. These records shall include, but are not limited to:

a.  Hourly, monthly, and annual emissions (in pounds and tons) of formaldehyde and
hexane, including hexane emissions exhausted during any venting event, to
demonstrate compliance with the emissions limitations in Conditions 63, 64, and 65.
Annual emissions shall be calculated monthly as the sum of each consecutive 12-
month period.

b.  Results of all stack test data.

¢.  Equipment status to demonstrate compliance with Condition 62.

d. Hexane analysis results to demonstrate compliance with Condition 68.

These records shall be available for inspection by the Blue Ridge Regional Office and shall

be current for the most recent five years.
(OVAC5-60-50, 9VAC5-80-1120F and 9VAC5-80-1180)



SOURCE TESTING REPORT FORMAT

Report Cover
1. Plant name and location
2. Units tested at source (indicate Ref. No. used by source in permit or registration)
3. Test Dates.
4. Tester; name, address and report date

Certification
1. Signed by team leader/certified observer (include certification date)
2. Signed by responsible company official
3. *Signed by reviewer

Copy of approved test protocol

Summary
1. Reason for testing
2. Test dates

3. Identification of unit tested & the maximum rated capacity
4. *For each emission unit, a table showing:
a. Operating rate
b. Test Methods
c. Pollutants tested
d. Test results for each run and the run average
e. Pollutant standard or limit
5. Summarized process and control equipment data for each run and the average, as required by the
test protocol
6. A statement that test was conducted in accordance with the test protocol or identification &
discussion of deviations, including the likely impact on results
7. Any other important information

Source Operation
1. Description of process and control devices
2. Process and control equipment flow diagram
3. Sampling port location and dimensioned cross section Attached protocol includes: sketch of
stack (elevation view) showing sampling port locations, upstream and downstream flow
disturbances and their distances from ports; and a sketch of stack (plan view) showing sampling
ports, ducts entering the stack and stack diameter or dimensions

Test Results
1. Detailed test results for each run
2. *Sample calculations
3. “*Description of collected samples, to include audits when applicable

Appendix

*Raw production data

*Raw field data

*Laboratory reports

*Chain of custody records for lab samples
*Calibration procedures and results
Project participants and titles

Observers’ names (industry and agency)
Related correspondence

Standard procedures

WX B WL

* Not applicable to visible emission evaluations
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VIRGINIA DEPARTMENT OF ENVIRONMENTAL QUALITY
Blue Ridge Regional Office
INTRA-AGENCY MEMORANDUM

Engineering Analysis
Permit Writer Anita Walthall
Air Permit Manager Paul Jenkins
Memo To Air Permit File Date |1/28/2020
Facility Name Transcontinental Gas Pipeline Company, LLC (Station 165)
Registration Number 30864 Application # 13
Date Fee Paid 6/26/2018 Amount ($) 63,000.00
Distance to Class I Areas 142.08 SNP (km) 87.1 JRF (km)
FLM Notification (Y/N) Y Required if less than 10K (minor), 100K (state major)
Application Fee Classification Title V Before permit Title V After permit action
(Title V, Synthetic Minor, True Minor) action
Permit Writer Signature o TG LEK
-

Permit Manager Signature

SSHISIS %uf @71/)4/4/)

Introduction & Background

Transcontinental Gas Pipe Line Company, LLC (“Transco”) submitted an application dated June 20,
2018 to construct a project at its natural gas compressor Transco Station 165 (“Station 165”). The
station is part of Transcontinental’s interstate gas transmission system. Station 165 is located at 945
Transco Road in Chatham, VA (Pittsylvania County). Transco submitted supplemental application
information dated November 7, 2018, September 16, 2019, November 18, 2019, and January 27,
2020; modeling protocol dated September 16, 2019 and revised November 25, 2019; and modeling
report dated October 3, 2019 and updated on November 25, 2019. The permit application was
deemed complete on January 27, 2020.

Transco is a Title V major source of NOx, CO, VOC, and formaldehyde (HAP). A minor NSR
permit for Station 165 was issued September 29, 2011 (amended on June 14, 2012 and February 28,
2013) to govern the operation of a combustion engine (M/L 12) and an emergency generator (AUX-
03). The remaining engines (M/L1 — M/L11) at Station 165 are existing (pre-1972) and not covered
by the minor NSR permit program. A second station on the premises (Station 166) has a minor NSR
permit dated August 24, 2015. The facility is located in an attainment area for all pollutants and is a
PSD major source. Transco is also subject to a state operating permit (SOP) dated January 24, 2007,
which is a source specific State Implementation Plan (SIP) revision to implement Phase II of the
NOx SIP Call.

The most recent on-site inspection conducted on August 9, 2018, determined the facility to be in
compliance with its requirements. A Local Governing Body Certification form authorized on June
19, 2018 was later determined as not required for this permit action.
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There are abundant regulatory and technical considerations in the application review and drafting of
the air permit that require significant technical education and experience. Attachment 1 is provided
as an attempt to convey a number of standard concepts and terms within the field. The information
in the attachment does not reflect all of the statutory, regulatory, and legal implications but is
provided as a basic explanation of some of the technical terms associated with air permit application
reviews.

Emission Units / Process Description

The Chatham facility consists of two compressor stations, 165 and 166. Station 165 has been in
operation since 1957 and uses natural gas-fired, (internal combustion) reciprocating compressor
engines to power the compressors. Station 166 is a newer station that operates natural gas-fired gas
turbine powered compressors. Each station is equipped with emergency generators to maintain
operations in the event of power interruption. Since the compressor stations are adjacent, use the
same SIC code, and have common ownership, they are registered as one stationary source (30864).

For this permit action, the changes to Station 165 include the following emissions/emission units:
Combustion Turbines

To provide pressure for this station, Transco is proposing to construct and operate the following
natural gas-fired compressor turbines:

e 23,150 hp (171.9 MMBtu/hr), Solar Titan Model 130-23502S combustion turbine (TUR-05)
e 23,150 hp (171.9 MMBtu/hr), Solar Titan Model 130-23502S combustion turbine (TUR-06)

Note: The horsepower rating and LHV fuel heat rate (MMBtu/hr) of the turbines listed here are
based on ambient temperature of 0°F and 100% operating load.

Combustion turbines work by converting the energy in the fuel gas to mechanical energy that then
powers the pipeline gas compressors. The compressors increase the pressure of the pipeline gas to
enable it to move from one location to another, as the gas will flow from higher pressure to lower
pressure in the pipeline. The turbines will generate mechanical energy from the combustion of
natural gas fuel. Fresh atmospheric air flows through an air compressor, bringing it to higher
pressure. Energy is then added by spraying fuel (pipeline natural gas) into the compressed air and
igniting it so the combustion generates a high-temperature flow. This high-temperature, high-
pressure gas enters a turbine, where it expands, turning a shaft that powers both the turbine’s air
compressor and other large centrifugal compressors that pressurize the pipeline gas.

The proposed lean-premix staged turbines are equipped with Solar’s dry low-NOx combustion
system, SOLoNOx™, which limits the formation of NOx by pre-mixing air and fuel prior to
combustion. This system limits NOx emissions when the turbine is operating at an ambient
temperature of 0 °F or greater and at a load equal to or greater than 50%. This technology reduces
nitrogen oxide (NOx) emissions by operating a lean burn fuel ratio (fuel to air ratios of less than
1:1). The SoLoNOx™ system does not operate during start-up or shutdown. SoLoNOx™
efficiency is diminished at low loads (less than 50% of capacity), as well as at loads greater than or
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equal to 50% for ambient temperatures below 0 °F. SoLoNOx™ is operating optimally when the
“pilot operating mode” is in “minimum pilot mode,” which is explained in Solar’s PIL-220 dated
August 31, 2017. Transco cannot operate below 50% load, except during start-up or shutdown.

In addition to the use of SOLoONOx™, Transco agreed to the installation of add-on controls to
further reduce emissions: selective catalytic reduction (SCR) for NOx control, and use of an
oxidation catalyst system to control CO, VOC, and organic HAPs such as formaldehyde. An SCR
reduces NOx emissions by injecting ammonia (NH3) into the exhaust gas upstream of a catalyst.
The compounds NOx, NH3, and O» react on the catalyst surface to form nitrogen (N2) and water
(H20). Oxidation catalyst systems are typically used on turbines to achieve a reduction in CO and
VOC emissions. The oxidation catalyst system promotes the oxidation of CO and VOC to carbon
dioxide (COz) and water (H20) as the emission stream passes through the catalyst bed. Catalyst
systems need to operate above minimum temperatures to achieve the intended reactions for NOx,
CO, or VOC. Neither catalyst system will be at temperature during start-up. During shutdown, the
oxidation catalyst system will remain above the reaction temperature (until the temperature of the
turbine and associated equipment begins to cool). The SCR system is more complicated (i.e.,
requires ammonia injection at the correct stoichiometric rate as well as higher temperatures) and
will not operate during shutdown.

Due to the technical considerations for operating the SoLoNOx™ system and the inability to
operate the control systems during start-up and shutdown', there are three operating modes for the
turbines:

e  Normal operating mode (50%-100%), at or above 0°F inlet air temperature (Steady-state)

e  Low temperature mode, operating at temperatures below 0°F (Low Temperature)

e  Start-up and Shutdown mode, when power is being energized or de-energized (SUSD)

Compressor Fugitive Emissions (FUGS)

The proposed project will include fugitive emissions from piping components (i.e., valves, flanges,
pumps, etc.). Because piping components have a potential for leaks, the constituents in natural gas
namely, VOCs and toxic pollutants are also expected to be released into the atmosphere.

Venting and Blowdowns

Natural gas blowdown events occur as a result of depressurization activities associated with
compression turbine start-ups and shutdowns. The cause for depressurization results in releases of
natural gas during turbine start-up, turbine shutdown, and site-wide emergency shutdown (ESD)
testing. VOCs and toxic pollutants are released into the atmosphere during these events.

Emergency Engine

A 1,468 bhp (1,000 kW) Caterpillar G3512 natural gas-fired emergency engine (AUX-04) will
provide back-up power in the event that grid power is unavailable. The engine is a 4SLB unit with
a 2011 manufacture year with a 2020 planned construction year. The pollutants expected to be
emitted from the emergency engine are NOx, CO, VOC, SOz, PM, PM o, PM> s, and toxics.

! The oxidation catalyst will operate above the minimum temperature for the entirety of the shutdown sequence. Therefore,
control of emissions will occur during that period.
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Tanks

Three liquid storage tanks will be installed at the facility. TANK-03 rated at 4,265 gallons will
store pipeline natural gas condensate liquids and TANK-04 will contain oily wastewater at the
same capacity. TANK-05, rated at 10,000-gallon capacity, will store aqueous ammonia for use by
each turbine’s SCR control system. The pollutants expected to be emitted from the tanks are VOC
and ammonia.

Shutdown Existing Engines

Transco plans to permanently shut down 10 existing Clark reciprocating internal combustion
engines (M/L1 - M/L10), at Station 165 upon startup of the first turbines (TUR-05 and TUR-06)
covered by this permit action.

III. Emission Calculations
The primary pollutants emitted by combustion turbines are NOx, CO and unburned hydrocarbons
(UHC). Sulfur dioxide (SOz), particulate matter (PM, PM o, and PM 5) and trace levels of HAPs
are a function of fuel content.”> Emissions rates for NOx, CO, and unburned hydrocarbons (UHC)
are guaranteed by the vendor. Emission estimates for VOC (and methane) emissions are 20% of
the UHC emissions®. The supplemental application includes an update to baseline actual emission
calculations for the Station 165 project. Those calculations have been reviewed by DEQ and no
other changes to the calculations are necessary (see Appendix C). The project’s uncontrolled
emissions and modification emissions are evaluated in Sections IVA and B.

Based on the proposed operating scenarios for the turbines, the annual permitted emissions are
calculated using the following basis:
e turbines operating at 8,700 hours per year (each) in steady-state mode
e low temperature emissions (for temperatures below 0°F) are estimated to total 10 hours per
year (or 5 hours each turbine), and
e SUSD emissions having a total duration of approximately 50 hours (25 hour each turbine).*

IV. Regulatory Review
A. 9VACS Chapter 80, Part I1, Article 6 — Minor New Source Review
The provisions of Article 6 apply throughout Virginia to (i) the construction of any new
stationary source, (ii) the construction of any project (which includes the affected emissions
units), and (iii) the reduction of any stack outlet elevation at any stationary source.

9VACS5-80-1105 B through D:

Transco seeks approval for a project that includes affected emissions units. The proposed
project’s equipment emissions are evaluated against the project emission rates found in 9VAC5-
80-1110 D.1. To be exempt from permitting, the regulations provide that a project must be
exempt under the provisions of 9VAC5-80-1105 B through D as a group, and according to
provisions of 9VACS5-80-1105 E and F. In light of the proposed equipment, the storage tanks are
exempt from permitting. TANK-03 is exempt under 9VAC5-80-1105B.4.b, as a volatile organic

2 hitps://www.netl.doe.gov/sites/default/files/gas-turbine-handbook/3-2-1-2.pdf.
3 Solar Turbines PIL 168.
4 SUSD combined emissions = 300 events x 10 min/event x 1ht/60min = 50 hrs.
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compound storage tank of 40,000 gallons or less storage capacity. TANK-04 is also exempt,
according to 9VACS5-80-1105 B.8.e (1), as a petroleum liquids storage vessel of 40,000 gallons
or less storage capacity. TANK-05 is exempt from permitting as ammonia is not a regulated air
pollutant.

For minor NSR permit applicability, the uncontrolled emission rate increase (UER) of criteria
pollutants for a project is the sum of the new uncontrolled emissions (NUE) minus the sum of the
current uncontrolled emissions (CUE) for each unit included in the project (UER = NUE — CUE)
and cannot be less than zero. The combined UER is compared to the criteria pollutant
exemptions levels in 9VACS5-80-1105 D. If the UER exceeds the exemption level for any one
criteria pollutant, the project is subject to the permitting requirements of 9VACS Chapter 80,
Article 6. For new emissions unit CUE equals zero. The emission from the new units (turbines
and emergency engine) are reviewed to determine the UER for the project.

Compressor Turbines (TUR-05, TUR-06)

The proposed compressor turbines are new emission units at an existing source. NUE is based
on manufacturer data for NOx, CO, and VOC using worst case emissions for these pollutants at
maximum load and 0°F. Emissions of PM, PMjo, PM> s and SO, are determined using emission
factors from AP-42, Table 3.1-2a, and assumes the maximum load in MMBtw/hr using the higher
heating value (HHV). The NUE for all pollutants are based on 8,760 hours per year.

Emergency Engine (AUX-04)

The NUE for pollutants emitted by the emergency engine is based on 500 hours of operation a

year since this unit is delegated for emergency use only. Emissions of NOx, CO, and VOC are
based on New Source Performance Standards (NSPS), 40 CFR 60 Subpart JJJJ, and maximum
rated capacity of the engine. Emissions of PM, PMjo, and PM2 5 are based on emission factors

from AP-42 Table 3.2-2 for four stroke, lean burn engines.

The data shown below summarizes the projects uncontrolled emissions. The UER for CO, NOx
PMio, PM25 and VOC exceed the respective exemption rates, therefore the project is subject to
permitting requirements of Article 6. State BACT applies to each affected pollutant (see Section
V).

Project Uncontrolled Emission Rate (UER)®

UER Exemption Rate | Exempt?

Pollutant (tp) (tpY) W/N)
Carbon Monoxide 102.09 100 N
Nitrogen Oxides 56.44 10 N
Sulfur Dioxide 5.97 10 Y
PM 11.64 15 Y
- PMyo 11.64 10 N
PM2 s 11.64 6 N

3 Table 5.1 of November 19, 2019 application.
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Volatile Organic Compounds® 20.90 10 N
Lead <0.06 0.6 Y

9VACS5-80-1105E&F:

Unless the equipment (source) is subject to §112 of the CAA, new and modified sources that
emit toxic pollutants must be evaluated according to the requirements of Virginia’s toxic
program (9VAC5-60-300C). The turbines and emergency engine are in a source category whose
toxic pollutants are exempt from this rule.” The project’s emission of all other toxic pollutants
are less than the respective exemption thresholds. See section VIIB for discussion and additional
modeling performed.

B. 9VACS5 Chapter 80, Part II, Article 8 and Article 9 — PSD Major New Source Review and Non-
Attainment Major New Source Review
The Prevention and Significant Deterioration (PSD) permit program is for major stationary
sources (defined in the Regulations) located in areas that are in compliance with the National
Ambient Air Quality Standards (NAAQS). Areas that are meeting the NAAQS are designated as
“PSD areas”. Areas that have ambient air concentrations higher than the NAAQS are designated
as “nonattainment areas”. An area’s classification is determined for each pollutant with a
NAAQS. These pollutants are referred as “criteria pollutants”. The PSD program also applies to
certain other pollutants that are regulated under the Clean Air Act.?

Pittsylvania County is a PSD area for all pollutants as designated in 9VACS5-20-205. Transco is
not in a source category with a 100-tpy PSD threshold; therefore, the applicable major stationary
source threshold is 250 tpy. The facility is an existing major source with a PTE for at least one
regulated NSR pollutant greater than 250 tpy. As a major source, the proposed project is
evaluated to determine whether a major modification is initiated.

A major modification causes two types of emission increases: a significant emissions increase
(SEI) and a significant net emission increase (SNEI). The procedure for calculating whether a
SEI occurs depend on the type of emissions units being modified. The application utilized the
emissions test contained in 9VAC5-80-1605 G.4 since the project involves new emissions units.
This test calculates the difference between baseline actual emissions (BAE) to future potential
emissions for each new unit.

The initial step is to sum all of the emission increases associated with the project for each
pollutant. If the result for a pollutant is less than the significant emissions rate, a significant
increase has not occurred and that pollutant has not resulted in a major modification. For
pollutants that exceed the significant emissions rate, a second step (emission evaluation) is
required to determine if a significant net emissions increase has also occurred.

§ Value includes emissions from non-exempt project equipment and fugitives releases (leaking components and venting).
740 CFR 63 (Subparts YYYY and ZZZ7).
8 BACT review for GHG emissions is required if a PSD permit is required for a criteria pollutant (6/23/14 SCOTUS decision).
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As new units that have not commenced operation, the BAE for each unit is zero. Therefore, the
future PTE for each unit is totaled and summarized in the table below. The PTE for the project
has emissions of PMzs and GHG greater than the PSD significance levels.

Step 1: Emission Increase

Total PSD
. . . PSD
Project Significance .
Pollutant Netting
Increase Threshold Required?
(tpy) (tpy) )
CO 14.18 100 No
NOx 24.71 40 No
PM 11.64 25 No
PMig 11.64 15 No
PM; 5 11.64 10 Yes
SO, 5.97 40 No
VvOC 8.45 40 No
Lead <0.6 0.6 No
GHG (ascose) | 207,901.53 75,000 Yes

Step 2 involves summing all of the SEIs associated with the project with all of the other
creditable increases and decreases in actual emissions made at the facility during the
contemporaneous period (September 2014 through the date that the increase from the particular
change occurs). If the result is greater than the significant emission rate, a major modification

would occur and the project is subject to PSD permitting.

The main decreases will result from the shutdown of ten (10) reciprocating engines. In addition,
Transco identified a project for Station 166 during the contemporaneous period that involved the
installation of four combustion turbines and two emergency engines. The Station 166
contemporaneous project increase emissions for PMz s and GHG are added to the current project
emissions to determine net emissions increase (NEI). As summarized in the following table, the
proposed project changes does not meet the definition of a major modification, as there is no
significant net emission increases for PM2s. The project is exempt from Article 8 permitting
requirements. The decreases associated with shutting down ML-1/ - ML-10 are enforceable as a
practical matter and is included in the permit (9VAC5-80-1615(f)).

Step 2: Net Emission Increase

Project COTETHOrAnENS Significant | PSD
Pollutant | Increases Increases (t Decreases (¢ NEI (tpy) Value Permitting
(tpy) 2 (tpY) (tpy) Required?
PM: 5 11.64 8.46 (12.68) 7.42 10 No
GHG oy | 207,901.53 157,227.00 (38,692.73) | 326,435.79 75,000 PM”
Contingent
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Greenhouse Gases (9VACS Chapters 80 and 85)

As of January 2, 2011, GHG is subject to regulation for a major modification if the project
causes a SEI and SNEI for GHG in addition to one other criteria pollutant. > The Station 165
project does not have a criteria pollutant to exceed the SNEI threshold, therefore, GHG is not
subject to the regulations as a NSR pollutant for the purpose of PSD applicability.

C. 9VACS Chapter 50, Part 11, Article 5 — NSPS
Requirements of NSPS Subparts JJJJ, KKKK, OO0Qa are applicable to the affected equipment
(or process) as identified in this section. These rules contain federally enforceable requirements
that a source must comply with, regardless of their inclusion in a permit.

The emergency engine (AUX4) is subject to 40 CFR 60, Subpart JJJJ being spark ignition fired
and having a manufacture date after April 1, 2006. The engine is subject to a BACT requirement
that is at least as stringent as the requirements in this rule (see Section V). Virginia has not
accepted delegation of this NSPS rule and therefore it is not incorporated into this permit.

The proposed combustion turbines (TUR-05 and TUR-06) are subject to 40 CFR 60, Subpart
KKKK “Standards of Performance for Stationary Combustion Turbines”. This subpart
establishes emission standards and compliance schedules for the control of NOx and SO»
emissions from stationary combustion turbines that commenced construction, modification or
reconstruction after February 18, 2005 (§60.4300-§60.4420). NSPS Subpart KKKK requires a
NOx emission limit of 15 ppm @15% O: (§60.4320) for each turbine. The permit’s BACT
requirement is more stringent than the subpart’s 15 ppm limit (see Section V). Monitoring,
testing, and recordkeeping requirements for NOx are required (§60.4333, §60.4340). The
turbines are also subject to the fuel sulfur monitoring requirements (§60.4360).

NSPS Subpart OO00a, “Crude Oil and Natural Gas Facilities for Which Construction,
Modification, or Reconstruction Commenced after September 18, 2015” (§60.5360a-§60.5432a)
applies to select equipment for the collection of fugitive emissions (60.5365a(j)). This subpart
sets standards for GHGs and VOCs that require leak testing for methane and other VOC
emissions. NSPS O0O0Oa requires a fugitive emissions monitoring plan (§60.5397a(b) through
(j)); monitoring surveys (§60.5397a(f) and §60.5397a(g)(2)) and repair/replacement timeframes
(§60.5397a(h)). The monitoring plan required by this permit is at least as stringent as the
requirements in this rule (see Section V). Virginia has not accepted delegation of this NSPS rule
and therefore it is not incorporated into this permit.

The affected facilities have been designed to comply with the applicable requirements of these
rules. Applicable requirements of NSPS JJJJ, KKKK, and OOOQa will be included in the
source’s Title V permit.

D. 9VACS Chapter 60, Part II, Article 1 — NESHAPS
The facility is not subject to any Part 61 (40 CFR 61) emission standards.

E. 9VACS Chapter 60, Part II, Article 2 — MACT

9 COse is the emission rate of each GHG species multiplied by its respective global warming potential (40CFR Part 98).
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As a major source for HAPs, the requirements of 40 CFR 63 Subparts YYYY (4Y) and ZZZZ
(4Z) apply to equipment identified in this section. These rules contain federally enforceable
requirements for compliance, regardless of their inclusion in a permit. Applicable requirements
of MACT 4Y and 4Z will be included in the source’s Title V permit.

The natural gas-fired turbines (TUR-05, TUR-06) are subject to the requirements of MACT 4Y
(§63.6080). The affected facility only required to comply with the standard for initial
notification (§63.6095(d)). Currently, no other requirements of this subpart apply to the
turbines. Pending EPA’s final action to lift the stay for this subcategory, additional standards
may be applicable at that time. Virginia has accepted delegation of MACT 4Y, however,
MACT requirements are not included in minor NSR permits.

The emergency engine (AUXO04) is subject to the requirements of Part 63 4Z, also known as the
“RICE MACT” (§63.6585). The engine must meet the definition of an emergency stationary
RICE with specific requirements for operation (§63.6640(f)) and initial notification
(§63.6645(f)). Virginia has not accept delegation of this rule.

The affected facilities have been designed to comply with the applicable requirements of these
rules.

State Only Enforceable (SOE) Requirements (9VAC5-80-1120 F)

This section of the permit contains conditions to address operating scenarios, emission
limitations and performance testing as necessary to regulate State Toxic emissions. For 1-hr
formaldehyde concerns, simultaneous testing of Station 166 emergency engines (ENG1, ENG2)
cannot occur during the startup and shutdown events of any turbine at Station 165 or 166
(TUROI — TUR-06). Facility-wide formaldehyde and hexane emission limitations are included
based on modeling protocols. The hexane content in pipeline natural gas, must be tested once a
year to demonstrate compliance with the worst-case concentration indicated in the application
(0.2 wt%). Transco will be required to maintain records to show operating scenarios, emission
data, and fuel characteristics (hexane content) were not violated.

Best Available Control Technology Review (BACT)

BACT is a requirement to reduce emissions through the use of available reduction techniques (i.e.,
control devices, adjustments to prevent pollution formation, work practices, etc.) as applied to each
affected emissions unit in the project proposed by the applicant (see 9VAC5-80-1190.1.a, 9VACS-
50-240A, and 9VAC5-50-260). For this application, the two primary affected emissions units are
the two natural gas-fired combustion turbines. Any consideration of electric motor driven
compressors (ECs) would represent a fundamentally different unit in the project; for example, no air
permit application would be required at all for such units. BACT is applied to the affected
emissions unit and is not a mechanism for replacement of the affected emissions unit in the
proposed project. In the particular case of the current Station 165 project, Transco provided DEQ
with supplemental information, dated January 27, 2020, evaluating the feasibility of using ECs
instead of combustion turbines. This information demonstrates that the electrical transmission
infrastructure required for the use of ECs at Station 165 does not exist. Therefore, even if the
substitution of ECs for the proposed combustion turbines was considered to be a control technique
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that could be applied to the project in the context of a BACT determination, the use of ECs at
Station 165 is not an available option and thus cannot be considered the best available control
technology. Finally, it is important to note that an electric compressor station may or may not result
in lower overall regional emissions of air pollutants than a natural gas-fired compressor station,
depending on the source of electric generation on the grid from which electric compressor station
receives its electricity. If the source of the electric compressor station's electricity comes from a
coal-fired power plant, the overall air pollution impact of the electric compressor station is worse
than that of a natural gas-fired compressor station. If, on the other hand, the electricity comes from
a natural gas-fired power plant, the overall air pollution impact of an electric compressor station is
likely to be roughly equal to that of a natural gas fired compressor station. For this reason, it cannot
be said that an electric compressor is superior to a natural gas-fired compressor station from an
overall air pollution standpoint. This requirement considers whether an emission reduction is
BACT using various factors including the cost of the control system divided by the amount of
pollutant reduced; called 'cost effectiveness’. BACT review is relative to a specific pollutant and a
specific type of operation. Generally, for BACT, modifications undergo a review to compare the
relative level of control with other similar Virginia sources. Based on the potential impacts to the
surrounding communities, the modification was also related to similar projects in other states.

Each affected emissions unit emitting a pollutant that is subject to permitting shall apply BACT for
that pollutant (9VAC5-50-260C). Under the minor NSR program, BACT is applicable for NOx,
CO, PMp, PM2s5, and VOC emissions. Transco provided a “top down” control technology
approach for NOx, CO, VOC, PMz 5, and PMio. While the project does not require this level of
BACT review, DEQ considers the control technology selected in the application to be valid.
Transco submitted a BACT review for the pollutants subject to permitting (see Section 5 of the
current application).

Turbines:

Transco proposes to use SoLoNOx™, a dry low-NOx combustion system and SCR technology on
the turbines (TUR-05, TUR-06) to control NOx emissions. A review of permits issued in Virginia
for similar compressor stations indicates most turbines are uncontrolled with emission values of 15
ppm NOx. Two recently issued permits with SCR requirements were found, both of which are
compressor stations (one in another state) associated with the Atlantic Coast Pipeline (ACP).
Transco originally proposed 9 ppmvd and no SCR as a controlled emission rate from each turbine.
A review to determine if a lower concentration was appropriate included a draft permit for a gas
compressor station in Charles County, Maryland and a new construction permit for a station in
Buckingham County, Virginia. One of the units at the Buckingham compressor station is similar in
size and make to the units proposed for construction at Transco’s Station 165. Its NOx emission
rate of 3.75 ppmvd has not been verified. Based on a comparison of the costs incurred between 5
ppm and 3.75 ppm and the feasibility of such control for the similar model’s size turbine, DEQ
concludes BACT is an exhaust concentration of 3.75 ppmvd NOx.

Proper equipment design (SoLoNOx™ technology) also aids to reduce CO and unburned
hydrocarbon emissions (UHC).!° Moreover, Transco proposes an oxidation catalyst system as
BACT for control of CO and VOC emissions at 92 and 50 percent respectively. A review of issued

10 Solar Turbine PIL 167. VOC emission are a subpart of the UHC (Solar PIL 168).
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permits in Virginia for similar compressor stations indicates most turbines are uncontrolled with
emission values of 25 ppm CO and 5 ppm VOC. A recent permit with oxidation catalyst
requirements included a lower controlled VOC emission rate from a compressor station associated
with ACP. Control of CO and VOC emissions by oxidation catalyst system is considered BACT.
Transco revised the application’s initial control efficiency for CO emissions and maintains the
vendor’s guaranteed uncontrolled VOC emission rate of 5 ppm (Solar Turbines PIL-168).
Consequently, the proposed turbines will have a controlled exhaust emission concentration of 2.0
ppm CO and 2.5 ppm VOC.

Transco proposes to use clean burning low sulfur fuel; employ good combustion practices; and use
high efficiency filters on the air inlet to control particulate emissions (PMig, PM2 s) from the
turbines (TUR-05, TUR-06). DEQ considers the use of clean burning fuel (low sulfur) results in
minimal formation of particulate matter less than 10 micron during combustion. The use of high-
efficiency filtration on the inlet air will minimize the entrainment of particulate matter into the
turbine exhaust stream, and the use of good combustion practices as BACT for PMio/ PMz25. The
permit establishes a visible emissions limit of less than 5% from the natural gas combustion turbine.

Emergency Engine:
The emergency engine will emit NOx, CO, VOC, PMiq, and PM>s. The unit is not categorically

exempt in accordance with 9VAC5-80-1105B. Based on the emergency classification and the low
annual hours of operation, the numeric standards equivalent to the NSPS JJJJ are considered as
BACT for NOx, CO, and VOC (2.0 g/hp-hr, 4.0 g/hp-hr, 1.0 g/hp-hr, respectively). While these
numeric standards are identical to the NSPS values, BACT, not the NSPS, is the regulatory
authority for these limits. Virginia has not accepted delegation of this NSPS rule and therefore it is
not incorporated into this permit. Visible emissions less than 5%, efficient generator design,
pipeline quality natural gas, and good combustion practices is considered BACT for PM1o / PMas.

Fugitive Leak Components:

Natural gas contains VOC, which is subject to BACT. A daily auditory/visual/olfactory (AVO) and
quarterly LDAR checks in accordance with Method 21 (or an optical gas-imaging camera) is
considered BACT. While these requirements may be similar or identical with the requirements of
NSPS 00004, the regulatory authority for these conditions is BACT. Virginia has not accepted
delegation of this NSPS rule and therefore it is not incorporated into this permit.

Natural Gas Venting (Blowdown):

Natural gas contains VOC, which is subject to BACT. Station 165 has three anticipated activities or
events that result in releases of natural gas: turbine start-up; turbine shutdown; and site-wide
emergency shutdown (ESD) testing. Transco’s application included 150 startups and 150
shutdowns per turbine per year (600 total events for both turbines) utilizing electric starters during
turbine start-ups (no natural gas venting); a seal gas booster system to keep the unitsin a
“pressurized hold” during shutdown operations and one site-wide ESD testing event per year.!!
DEQ reviewed the emissions from these operational practices and requested Transco to review
additional controls for emissions generated during blowdown operations. Based on Transco’s
review of start-up and shutdown, flaring, and other control options, the facility proposes a vent gas

1 Emission calculations assume one event per year for potential to emit.
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reduction system (VGRS) to reduce emissions of VOC due to turbine venting related to start-up and
shutdown. Transco revised the PTE emission estimates for planned depressurization events.
Maintaining the estimated 600 startup and shutdowns combustion events, Transco agrees to
performing only 24 blowdowns (12 each turbine) after startup, shutdown, or maintenance activity
and “assumes” the use of vent gas reduction (VGR). The VGRS is capable of reducing the system
pressure to 30 psig prior to atmospheric depressurization. Transco proposed capped tests using a
double-valve system as a control for ESD testing, additionally VOC emissions are minimized
through the use of a compressor dry gas boosting system for maintaining pressurized holds. The
use oflyGRS and capped ESD testing can decrease emissions by approximately 99% for VOC
alone.

Additional Controls Not Required by BACT (9VAC5-50-260)
Although not required by BACT the facility also proposes the following control measure:

A sulfur content of the natural gas of 1.1 grains per 100 scf has been established as a limitation in
the permit for the natural gas quality. The limitation is used a means of demonstrating compliance
with the sulfur dioxide emission limitations established in the permit.

Summary of Potential Emissions Increase
The facility’s change in PTE is shown in the following table:

Past Future PTE
Pollutant PTE PTE Change
(tpy) (tpy) (tpy)
NOx 3,746.1 548.8 | -3,197.2
CO 1,026.4 372.6 -653.8
VOC 251.2 100.7 -150.5
PM/PM1¢/PM2.5 60.3 35.9 -24.4
SO 10.1 13.9 +3.8
NH; 0 21.5 +21.5
HAP (total) 73.5 24.1 -49.4

Detailed calculations provided by Transco are included in the source application as Appendix C.

VIIL. Dispersion Modeling

A. Criteria Pollutants
A cumulative air quality analysis via dispersion modeling was conducted to demonstrate
compliance with the National Ambient Air Quality Standards (NAAQS) for NO (1-hour and
annual averaging periods), CO (1-hour and 8-hour averaging periods), PMio (24-hour
averaging period) and PM> 5 (24-hour and annual averaging periods).

For the impact of the VOC emissions, a quantitative analysis was performed in accordance

12 While not the subject of Article 6 permitting, a reduction in venting emissions also significantly reduces the amount of
methane emitted from 6,011.34 tpy to 251.8 tpy (as COqe).
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Modeling was completed by Transco and the protocol submitted to the Office of Air Quality
Assessments for analysis. The NAAQS analysis included emissions from Station 165,
emissions from existing sources from Virginia, and representative ambient background
concentrations of NOz, CO, PM1g, and PM>5. The modeling analysis was approved on
December 9, 2019 and demonstrated compliance with the applicable NAAQS. The results
are summarized below:

Ambient
Pollutant Total Modeled Background Total NAAQS
: . Concentration ] Concentration 3
(averaging period) (ug/m®) Concentration (ug/m®) (pg/m’)
(ug/m’)
NO- (1-hr) 178.3 - 178.3 188
NO: (annual) 21.6 13.2 34.8 100
CO (1-hr) 2,151 2,300 4,451 40,000
CO (8-hr) 1,106 1,380 2,486 10,000
PM2 5 (24-hr) 5.5 17 227 35
PM2 5 (annual) 1.0 7.2 8.2 12
PMig (24-hr) 7.9 31 38.9 150

B. Toxic Pollutants

Modeling is also required if potential toxic air pollutant emissions after issuance of the permit
exceed the exemption thresholds included in 9VAC5-60-300 C. Based on toxic pollutant
emission calculations submitted and applicability to §112 regulatory requirements, there are no
toxic pollutants from the proposed project whose emissions exceeded exemption thresholds or
that require modeling. However, due to Virginia’s recent permit activities for compressor
stations, DEQ requested Transco to include a modeling analysis for formaldehyde and n-
hexane in order to determine the Predicted Ambient Air Concentration (PAAC) and to
compare those values against their respective Significant Ambient Air Concentration (SAAC).

Modeling was completed by Transco and protocol submitted to the Office of Air Quality
Assessments for review. The modeling analysis was approved on December 9, 2019 and
demonstrates compliance with the applicable SAAC. The results are summarized below:

Toxic Pollutant
(averaging period)

Scenario

Modeled
Concentration
(PAAC)
(ug/m*)

SAAC
(ng/m’)
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Formaldehyde (1-hour) 50% Load 294 62.5
Formaldehyde (1-hour) 75% Load 29.4 62.5
Formaldehyde (1-hour) 100% Load 29.4 62.5
Startup
Formaldehyde (1-hour) (blended with 75% load) 47.7 62.5
Shutdown
Formaldehyde (1-hour) (blended with 75% load) 36.8 ' 62.5
Formaldehyde (annual) 50% Load 1.25 2.4
Formaldehyde (annual) 75% Load 1.25 2.4
Formaldehyde (annual) 100% Load 1.24 2.4
Unit Blowdown
Hexane (1-hour) (with Pigging) 236.1 8,800
Emergency Shutdown
Hexane (1-hour) (with Pigging) 168.0 8,800
Unit Blowdown
Hexane (annual) (with Pigging) 0.03 352
Emergency Shutdown
Hexane (annual) (with Pigging) 0.03 352

The air toxics modeling analysis for formaldehyde (1-hour) assumes the simultaneous testing of the
Station 166 engines (ENG1 and ENG2) must not coincide with the startup and shutdown operations
of any one of combination of Station 165 or 166 turbines (TUR-01 — TUR-06).

C. Other Modeling Considerations - Ozone:
An assessment to estimate the impact on ozone from the proposed modified facility’s NOx and
VOC emissions was conducted. The monitored ozone design value for the area is approximately
61 ppb for the period 2016 through 2018. This results in a total design value equal to 61.23 ppb
which is well below the 8-hour ozone NAAQS of 70 ppb.

To assure compliance with the NAAQS, modeling endorses the NOx hourly emission rate for
the existing engine (M/L 11) to be 19.20 Ib/hr at all times. Additionally, an operating scenario
for Station 166 engines (ENG1, ENG?2) is required to restrict testing of these units during times
when any of the Station 165 or 166 turbines (TURO1 — TURO6) are in startup or shutdown
mode. A copy of the Air Quality Analysis Memorandum is provided as Attachment 2.

VIII. Compliance Demonstration
Turbines (TUR-05, TUR-06)
For proper operation of the SCR system, the permit requires monitoring of the turbine inlet air
temperature, ammonia injection rate, catalyst bed inlet gas temperature, pilot operating point,
turbine load, and catalyst bed differential pressure. For the oxidation catalyst system, the permit
requires monitoring of catalyst bed inlet temperature and catalyst bed differential pressure.

Transco must develop a monitoring plan for the turbine monitoring parameters. The turbines must
also be tested bi-annually for CO, PMjo, PM25and VOC. The time between bi-annual tests must
not exceed 26 calendar months. Transco is required to validate the monitoring ranges during each
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performance test. Continuous emission monitoring system (CEMS) will be used to demonstrate
NOx emissions. Performance evaluations of the CEMS shall be conducted in accordance with 40
CFR Part 60, Appendix B, and take place during the performance test or within 30 days thereafter.
The inlet filters will be maintained in accordance with the manufacturer's recommendations.

The VGRS allows for 'pressurized hold' by maintaining a seal gas pressure sufficiently higher than
the compressor case pressure. A test to determine the appropriate range for each turbine is required

using Method 21 or an optical gas imaging camera io ensure no leakage. Records of the daily AVO
and quarterly LDAR surveys are also required, as well as corrective actions taken.

Emergency Engine (AUX04)

The engine must be equipped with a non-resettable hour meter. A log containing the reason for
operation of the engine and the amount of time operated is required. An initial performance test is
required to demonstrate compliance with the emission limits for NOx, CO, and VOC, with
subsequent tests being performed every 8,760 hours of operation or 36 months, whichever is less.
Records of engine maintenance are also required.

Other Records

Transco must maintain records to demonstrate compliance with emission limits, operating
parameters, inspections/observations and maintenance activities. Records of the shutdown of Clark
engines (M/L-1 — M/L-10) is also required. Records must be maintained for exempt equipment in
accordance with 9VACS5-80-1105A.4.

Title V Review — 9VACS Chapter 80 Part II Article 1 or Article 3

Transco Compressor Station is classified as a Title V major source. The facility currently operates
under a Title V permit with an effective date of September 30, 2008 having an expiration date of
November 25, 2013. Transco’s Title V renewal application is currently under application shield.
Changes made to the facility as a result of this minor NSR permit require a modification to the Title
V permit (9VACS5-80-230 A.2.).

The applicable requirements pertaining to the NSPS Part 60 (subparts 4J, 4K, 40a) and NESHAP
Part 63 (subparts 4Y and 47) regulations will be incorporated into the source’s Title V permit as
required by the Air Regulations.

Site Suitability

Based on a review of the application, the air quality analysis, and resulting draft permit, the
proposed facility complies with all regulatory requirements. Air Quality modeling results indicate
compliance with all applicable ambient air quality standards. Therefore, the site is deemed suitable
from an air quality perspective.

Public Participation and Notifications
There are no public participation requirements associated with the proposed project.

Other Considerations
None.
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Frequently Used Terms

@15% Oz — A notation indicating that the concentration is mathematically corrected from
the actual stack conditions to a comparable set of conditions. This prevents a source from
adding additional ambient air just prior to the testing instrumentation to dilute the
concentration of the pollutant being measured. This is not an issue with a mass emission
rate since dilution does not change the mass of the pollutant emitted. The pound per million
(ppm) limitations for Station 165 are corrected to 15% Ox.

Blowdown — A venting event where piping at the facility must be emptied of natural gas; a
site-wide blowdown is when all piping at the facility must be emptied.

Catalyst — A substance that changes the reaction speed but does not participate in the
reaction.

CO — Carbon monoxide, a pollutant with a NAAQS.
Fugitive — Describes a type of emissions that occur but cannot be reasonably collected.

COze — “Carbon dioxide equivalent”, a term to describe different greenhouse gases in a
common unit. For any quantity and type of greenhouse gas, CO;e signifies the amount of
CO2 which would have the equivalent global warming impact.

GHG — “Greenhouse gas”, gases consisting of carbon dioxide, methane, nitrous oxide and
fluorinated compounds that trap heat in the atmosphere. The proposed Titan 130
combustion turbines will emit CO,, CHa, and N>O.

ISO conditions — Properties of a gas change based on the gas temperature and pressure
exerted on the gas. In order to have a meaningful discussion regarding any gases, these
variables must be defined. While several methods exist to define these variables, the
International Organization for Standardization (ISO) defines the conditions as 59°F and 14.7
pounds per square inch (psi).

LDAR - Leak Detection and Repair — usually refers to a program a source uses to monitor
various pieces of equipment at a facility that may be prone to leaking and fix leaks as
detected

MACT — Maximum Achievable Control Technology; federal regulations for certain types of
equipment; used in this analysis to refer to such standards promulgated in 40 CFR Part 63,
which are technology based.

MMBtu — Million British thermal units — a measure of energy
NAAQS — National Ambient Air Quality Standard; a federal standard for the maximum
concentration of a certain air pollutant in the ambient air in the country that is protective of

human health. CO, O3, NOz, PMio, PM25, SO, and lead are the pollutants with NAAQS.

NESHAPS — National Emission Standards for Hazardous Air Pollutants; federal regulations
for certain types of equipment; used in this analysis to refer to such standards promulgated
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in 40 CFR Part 61, which are risk based.

NOx — Nitrogen oxides or oxides of nitrogen — a surrogate for the amount of NO2 (a
pollutant with a NAAQS) being emitted; a pollutant that forms ozone when the atmosphere
has favorable conditions (hot and dry with enough VOC).

NSPS — New Source Performance Standard; federal regulations for certain types of
equipment.

Open flare — A stack-like device with a continuous flame at the tip, such that when a
flammable gas flows, the ‘pilot flame” ignites the gas prior to exiting the flare stack; also
described as a candlestick flare for its similarity in appearance to a large candle.

Pigging — The method of removing liquids from the piping; liquids can be generated due to
the high pressure of the gas causing some components to condense in the piping. No pigging

operations are performed at this site.

PM - Particulate matter of a certain size that only includes the portion that can be filtered
when emitted.

PMjoand PM; s — Particulate matter of a certain size that includes both the portion that can be
filtered when emitted and the portion that is a gas when emitted and later condenses; both
pollutants have a NAAQS.

pph, Ib/hr — pound per hour — a short-term mass emission rate

ppm — parts per million — A concentration that can be converted to a mass emission rate.

ppmvd — parts per million, volumetric dry.

PSD — Prevention of Significant Deterioration; a pre-construction permitting program that
applies to large sources.

PTE — potential to emit — the maximum ability of a source to emit pollutants considering
permit limitations

Stoichiometric — Chemical reactions rely on the correct amount of each chemical. The ideal
amount of each chemical is the ‘stoichiometric’ amount or ratio.

TPY, tpy, ton/yr — ton per year — a long-term mass emission rate

Vent Gas Reduction System (VGRS) — A system, including an electrically-driven
compressot, which reduces the amount of natural gas released to the atmosphere during
combustion turbine shutdowns by maintain sufficient pressure to ensure that the compressor
seal remains intact during combustion turbine shutdowns.

VOC — Volatile Organic Compounds — A group of chemicals that form ozone when the
atmosphere has favorable conditions (hot and dry with enough NOx).
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AQM Modelling Report

MEMORANDUM

DEPARTMENT OF ENVIRONMENTAL QUALITY
Office of Air Quality Assessmenes

FEBY Eau Moie Srwet Raliieiead YA I121

7™ P

To:  Paul Jenkans Sur Pernut Manager (BREO)
Fromy: Office of A Quabity Azzessments (AQA)

Date: Dacember 2, 2019

Subject Ax Guality Arabysis — Transco Compressor Station 165

I  Project Background

Transconhnestal Gas Prpe Lise Company, LLC (Transoo) opesstes two adiacent compressor
stations (Stations 165 and 166) in the toun of Chathar  Pittsyhvania Coumndy, Vipinia Theze
siations (heveafier referved to 25 the Hicabity) are conmidered a zingle source for air permithng and

2 & & & @ @

Eleven {11) Clark reciprocating inremnsl combustion spgines (RICE) nsed fo nanoal gas
compressien 0 ML 1 - ML 11) [165];

One (1) Caterpiliar BICE wsad fior maporal gas cornpression (ID ML 13} [165]:

Three {3) emergency peperators (I ATTX 1 - AUX 3) [163];

For (4) Solar Taurns 70 tubines (ID TUR.1 - TURS) [164);

Two (2) emergency geperators (ID ENGI ~ ENG2) [166);

Fugitive emission sounces from piping compopants;

Natural gas venting ‘blowdowns for compresser wnit start-up, shutdown pirtenarce, snd
emergency shoidown (ESD) safery testing; and

Mulniple sources considered ingignificant activities.

Az part of s Southeastern Trail Project, Transes 15 proposmg to modify Station 165 that

Installing two {2) Solar Titan 130-235025 oorbdnes each rated at 23 507 basepowsr ()
(1500 {ID TURDS - TURDS);
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December 9. 2019
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n Installing ons (1) 1 468 bp smergency generstor (ID AUX(4);

»  Installing fwo (2) 4,265-gallon above grownd storage tanks for natwral gas condensate
bogwds and oty wastewater (ID TANK-03 - TANE-(M);

»  Installing cne (1) 10,000-gallon above ground storage tank for 2guecus apmonia (ID
TANK-05)

u  Providing ratwal gas veniingblowdowns for compressor umt start-up, shutdown,
mamntenance, and emergency shutdown (ESD) safety testing (ID BDS-05 and BDS-05);

s Fugiive emissions from new piping components (ID FUGS); and

¢ Removing ten (10) of the eleven (11) exsting Clak reciprocating intermal combuston
eogines (RICE) used for natwral zas commpression (ID ML 1 - MT 10).

The proposed changes are subject to the permitting requirements contained in 9 VAC 5 Chapter
80, Article 6 (Permuts for New and Modified Staticnry Sources) of the Commemwealth of
Virginia Regulations for the Control and Abatemant of Air Pollution  The DEQ) required an air
gquality analysis in order to assess the potential impacts to ambient air quality. Modeling was
conducted for nitrogen dioxide (NOy), carbon monoxide (CO), particulate matier having an
aspodynannc diameter equal 6o or less than 2.5 microms (FM-2.5), and particulate matter having
an aerodynamic diameter equal to or less than 10 microns (PM-19).

Toxics modeling was also conducted for hovrly and amial formaldehyde 2nd hexane emssions
to demonsizate compliance with ther respecoive Significant Ambient Alr Concentrations
(SAAC) as defined in 6 VAC 5 Chapter 60, Aricle 5 (Emission Standards for Toodc Polhutants
from New and Modified Sources) of the Commonwealth of Virginia Regulations for the Control
and Abatement of Air Pollution (9 VAC 5-60-300 et 2l).

Modeling Methodology

The air quality modeling analysis conforms to 40 CFR Part 51. Appendix W - Guideline on Ay
Quality Models and was performed in accordance with approved modeling methodology. The
air quality model nsed for the analyses was AERMOD (Version 19191). AERMOD is the

prefared EPA-approved regulatory model for near-field applications.

Additional details on the modeling mathodology an: available in the applicant’s November 2019
air dispersion modeling report.

Modeling Resubts
A, NAAQS Analysis

A cumulative modeling analysis was conducted to assess compliance with the National
Ambient Air Quality Standards (NAAQS) for NO: (1-hour and armaal averaging
pmods) CO (1-hour and 8-howr averaging peniods). PM-2.5 (24-hour and annual
averaging periods). and PM-10 (24-hour averaging period). The NAAQS amalysis
included emissions from the proposed modified facility, emissions from existing
sources from Virginia, and representative ambient background concentrations of NO»,

Page 5 of 7
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DEQ Air Guality Analysis Review
Transco Comapressor Station 165
December 9, 2019

Page3 of4

€O, PM-2.5, and FM-10. The results of the analysis are presented in Table | and
demonstrate modeled compliance with the applicable NAAQS.

Table 1
NAAQS Modeling - Curmilative fopact Results
. Total Modelad Ambent ‘
) A g Cta_M-:ﬂ!I CBK* ’l Tat;lA NAAQS
Perind OOCeTiTaton . (ugo®)
NO: 1-honwr 178.3 5 1783 188
NO: Anmial N6 133 348 100
CO 1-how 2,151 2,300 4 451 40000
[¥s) 8-howr 1,106 1,380 2486 10,000
P23 24 hour 55 17 2.7 33
PM-23 Anmal 10 7.2 [3gl 12
PM-10 24 howr 78 31 ERE] 150

) Season and heur of day varying.
Qrmmmmmmmmmﬁm

B. Toxics Analysis
The modified facibity is subject to the state toxics regulations at 9 VAC 5-60-300 st 2l. An

amalysis was conducted in accordance with the regulations and the predicted concentrations
for each modeled toxic pollutant were below therr raspective SAAC. Table 2 soomarnizes

the toeic pollutant modelng analysis results.
Table 2
Tomics Analysis Maarmm Predicted Concentrations
. . Modeled
Toxic Avemaging . . . SAAC
Pollrant | Period Scenario W (ugi)
Fommaldehyde | 1-hour 30P% Load 254 [
Fonmaldebnede | 1-bowm 75% Load 254 623
Formaldebvde | 1-howr 100% Load 204 62.5
Startm
Formaldehrde | 1-howr (blended with 75% load) 477 62.5
Shurdown
Formaldehyde |  1-how (blended with 75% Joad) 368 62.5
Formaldehyde | Ammal 50% Load 123 24
Formaldehyde |  Anmual 75% Load 125 24
Formaldehyde | Amomal 10%% Lead 124 24
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Toxic Averaging . . SaAC
Pollugant Period Scenario Conoa:_mnon (ugm)
Umit Blowdown e
oy I 2
Hexane i-howr (with Pigging) 2361 8.800
Hexans 1-howr ¢ mg ij ) 1680 2500
Unit Blowdown n
Hexane Armmal (with Pigging) 043 s
Hexana Armmal (with Pb ,“n.”d]: = 003 35

C. Other Modeling Considerations

Coone

An assessment to estimate the impact on ozone from the proposed modified facility’s NOx
and VOC emissions was conducted  The conservatively caloulated ozone impact from the
modified facility is approximately 2 21 parts per billion (ppb). In addition, the net actual
emissions reductions of NOx and VOC, r&mﬂmﬁm&emmwl of older wnits, decreases
czone impacts by 1.98 ppb. Therefore, ﬂxemtchmgemommmmnmmfonhemmll
project is 0.23 ppb. The monitored czone design value for the area is spprosumately 61 ppb
for the peniod 2016 through 2018. This resnlts in a total design value equal to 51.23 ppb
which 15 well below the 8-hour ozome NAAQS of 70 ppb.
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U.S. Census Bureau QuickFacts: Winston-Salem city, North Carolina https://www.census.gov/quickfacts/winstonsalemcitynorthcarolina

QuickFacts
Winston-Salem city, North Carolina

QuickFacts provides statistics for all states and counties, and for cities and towns with a population of 5,000 or more.

Table
Winston-Salem
All Topics city, North
Carolina
Population estimates, July 1, 2019, (V2019) 247,945
2 rPeoPLE
Population
Population estimates, July 1, 2019, (V2019) 247,945
Population estimates base, April 1, 2010, (V2019) 229,627
Population, percent change - April 1, 2010 (estimates base) to July 1, 2019, (V2019) 8.0%
Population, Census, April 1, 2010 229,617
Age and Sex
Persons under 5 years, percent @& 65%
Persons under 18 years, percent & 23.8%
Persons 65 years and over, percent & 14.1%
Female persons, percent & 53.1%

Race and Hispanic Origin

White alone, percent & 56.6%
Black or African American alone, percent (a) & 34.9%
American Indian and Alaska Native alone, percent (a) & 03%
Asian alone, percent (a) & 25%
Native Hawaiian and Other Pacific Islander alone, percent (a) & 01%
Two or More Races, percent & 28%
Hispanic or Latino, percent (b) & 15.0%
White alone, not Hispanic or Latino, percent & 457%

Population Characteristics

Veterans, 2015-2019 12,647
Foreign born persons, percent, 2015-2019 9.9%
Housing

Housing units, July 1, 2019, (V2019) X
Owner-occupied housing unit rate, 2015-2019 53.5%
Median value of owner-occupied housing units, 2015-2019 $147,900
Median selected monthly owner costs -with a mortgage, 2015-2019 $1,171
Median selected monthly owner costs -without a mortgage, 2015-2019 $423
Median gross rent, 2015-2019 $806
Building permits, 2019 X

Families & Living Arrangements

Households, 2015-2019 94,957
Persons per household, 2015-2019 2.46
Living in same house 1 year ago, percent of persons age 1 year+, 2015-2019 84.2%
Language other than English spoken at home, percent of persons age 5 years+, 2015-2019 17.3%

Computer and Internet Use

Households with a computer, percent, 2015-2019 89.5%
Households with a broadband Internet subscription, percent, 2015-2019 79.0%
Education

High school graduate or higher, percent of persons age 25 years+, 2015-2019 88.2%
Bachelor's degree or higher, percent of persons age 25 years+, 2015-2019 34.5%
Health

With a disability, under age 65 years, percent, 2015-2019 6.8%
Persons without health insurance, under age 65 years, percent & 14.2%
Economy

In civilian labor force, total, percent of population age 16 years+, 2015-2019 60.5%
In civilian labor force, female, percent of population age 16 years+, 2015-2019 56.6%
Total accommodation and food services sales, 2012 ($1,000) (c) 564,907
Total health care and social assistance receipts/revenue, 2012 ($1,000) (c) 1,958,944
Total manufacturers shipments, 2012 ($1,000) (c) 4,016,976
Total merchant wholesaler sales, 2012 ($1,000) (c) 2,266,381
Total retail sales, 2012 ($1,000) (c) 4,067,779
Total retail sales per capita, 2012 (c) $17,358

Transportation

Mean travel time to work (minutes), workers age 16 years+, 2015-2019 20.9

1of 3 4/2/2021, 3:49 PM



U.S. Census Bureau QuickFacts: Winston-Salem city, North Carolina https://www.census.gov/quickfacts/winstonsalemcitynorthcarolina

Income & Poverty

Median household income (in 2019 dollars), 2015-2019 $45,750
Per capita income in past 12 months (in 2019 dollars), 2015-2019 $28,821
Persons in poverty, percent & 20.7%

leg BUSINESSES

Businesses

Total employer establishments, 2018 X
Total employment, 2018 X
Total annual payroll, 2018 ($1,000) X
Total employment, percent change, 2017-2018 X
Total nonemployer establishments, 2018 X
Al firms, 2012 18,681
Men-owned firms, 2012 9,246
Women-owned firms, 2012 7,507
Minority-owned firms, 2012 6,071
Nonminority-owned firms, 2012 11,551
Veteran-owned firms, 2012 1,868
Nonveteran-owned firms, 2012 15,604

@ GEOGRAPHY

Geography

Population per square mile, 2010 1,733.6
Land area in square miles, 2010 132.45
FIPS Code 3775000
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About datasets used in this table
Value Notes

& Estimates are not comparable to other geographic levels due to methodology differences that may exist between different data sources.

Some estimates presented here come from sample data, and thus have sampling errors that may render some apparent differences between geographies statistically indistinguishable. Click the Quick Info @ icon to the left of each
row in TABLE view to learn about sampling error.

The vintage year (e.g., V2019) refers to the final year of the series (2010 thru 2019). Different vintage years of estimates are not comparable.

Fact Notes
(a) Includes persons reporting only one race
(c) Economic Census - Puerto Rico data are not comparable to U.S. Economic Census data
(b) Hispanics may be of any race, so also are included in applicable race categories

Value Flags
- Either no or too few sample observations were available to compute an estimate, or a ratio of medians cannot be calculated because one or both of the median estimates falls in the lowest or upper interval of an
open ended distribution.
F Fewer than 25 firms
D Suppressed to avoid disclosure of confidential information
N Data for this geographic area cannot be displayed because the number of sample cases is too small.
FN  Footnote on this item in place of data
X Not applicable
S Suppressed; does not meet publication standards
NA Not available
¥4 Value greater than zero but less than half unit of measure shown

QuickFacts data are derived from: Population Estimates, American Community Survey, Census of Population and Housing, Current Population Survey, Small Area Health Insurance Estimates, Small Area Income and Poverty
Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics, Economic Census, Survey of Business Owners, Building Permits.
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VIRGINIA DEPARTMENT OF ENVIRONMENTAL QUALITY
Blue Ridge Regional Office

INTRA-AGENCY MEMORANDUM

Permit Writer Allen Armistead
Memo To Air Permit File | Date |8/20/2015
Facility Name Transcontinental Gas Pipeline Company, LLC
Registration Number 30864
County-Plant 1.D. 143-00120
UTM Coordinates (Zone 17) 604.2 | Easting (km) | 4076.9 | Northing (km)
Elevation (feet) 660
Distance to Class | Areas >100 [ SNP (km) |  87.1|JRF (km)
FLM Notification (Y/N) N Required if less than 10K (minor), 100K (state major)
NET Classification (A, SM, B) A Before permit action A After permit action
Title V Major Pollutants NOX, Before permit action NOX, After permit action
VOC, CO, VOC, CO,
HAPs HAPs
PSD |\/|ajor Source (Y/N) Y Before permit action Y After permit action
PSD Major Pollutants NOX, Before permit action NOX, After permit action
VOC, CO VOC, CO

l. Introduction

Transcontinental Gas Pipe Line Corporation (Transco) is an interstate natural gas transmission
company. Transco's compressor stations are used to compress and move the gas along the system.
Transco currently operates a facility located at 945 Transco Road near Chatham, VA in Pittsylvania
County. The facility consists of two compressor stations, Compressor Station #165 and #166. Station
#165 has been in operation since 1957 and uses natural gas-fired, internal combustion, reciprocating
compressor engines to power the compressors for the station. Station #166 is a newer station that uses
natural gas-fired gas turbine powered compressors. Each station also has emergency generators
associated with it. Because the stations are adjacent, under the same SIC code, and have common
ownership, these two stations are considered to be one stationary source.

On March 18, 2015, this office received an application dated March 11, 2015, requesting a permit to
install two additional gas turbine powered compressors and an additional emergency generator at Station
#166. After completion of the project outlined in this application Station #166 will consist of four gas
turbine powered compressors and two emergency generators. Additional information was received on
June 2, 2015; June 22, 2015; and July 9, 2015, before the application was considered complete.

Transco’s Chatham facility is a Title VV major source of NOx, CO, VOC, and hazardous air pollutants
(HAPs) and is covered by the Title V permit effective November 26, 2008. A Title V renewal application
was received on May 21, 2013. A minor NSR permit for Station #165 was issued September 29, 2011,
with amendments issued June 14, 2012 and February 28, 2013, covers one compressor and an emergency
generator. The other engines at Station #165 are not covered by a minor NSR permit. Station #166 was
issued a permit on November 12, 2013. This source is located in an attainment area for all pollutants and
is a PSD major source. Transco is subject to a state operating permit (SOP) dated January 24, 2007,
which is a source specific SIP revision to implement Phase Il of the NOx SIP Call.

The last on site inspection of the facility was June 12, 2014. Transco was judged to be in compliance
with its requirements.

1. Emission Unit(s) / Process Description(s)
Additions to Compressor Station No. 166 will be two Solar Taurus 70-10802S gas turbine powered
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natural gas compressors, each with a maximum rated capacity of 11,585 HP (85.14 MMBtu/hr)*, and a
Waukesha-Pearce Model No. L5794LT 4 cycle spark ignited, rich burn (4SRB) emergency generator
rated at 1,208 HP (10.03 MMBtu/hr [900 kW / 1208 HP])..

Fuel for the compressors and generator will be pipeline natural gas. These units emit mainly NOx and
CO, with lesser amounts of particulate, VOC, SO,, and HAPs.

I11.  Regulatory Review

A. 9VACS Chapter 80, Part I, Article 6 — Minor New Source Review

The proposed change meets the definition of project contained in 9VAC5-80-1110 C. For a project to
be exempt from permitting, the regulations provide that a project must be exempt under both the
provisions of 9VAC5-80-1105 B through D as a group and the provisions of 9VAC5-80-1105 E and F.

Equipment associated with the project is not listed in 9VAC5-80-1105 B. In determining if a project
is exempt under 9VAC5-80-1105 D, a calculation of uncontrolled emission increase (UEI) is required.
UEI is the difference between the new (after the project) uncontrolled emission rate (NUE) and the
current (before the project) uncontrolled emission rate (CUE). Since the proposed equipment is new to
the facility, the CUE for each of the units is zero.

Calculations were submitted by the permittee and revised by DEQ (see Attachment A). Calculations?
for the turbine emissions show that the NUE, and UEI, for each turbine is 22.43 tons/yr for NOx. This is
greater than the exemption threshold in 9VAC5-80-1105 D of 10 tons/yr for NOx. All of the other
criteria pollutants are less than their respective exemption thresholds. Because the UEI for NOx is greater
than its exemption threshold, a permit is required for the project.

Using the hourly emissions for the emergency generator engine in Attachment A, and extrapolating to
500 hours of emergency operation, yields a UEI for NOx of 1.33 tons/yr, for CO of 2.66 tons/yr, and for
VOCs of 0.67 tons/yr.

Included with the application, and included in Attachment A. are estimated potential fugitive
emissions of VOCs from the project of 0.91 tons/yr. These emissions are from operations at the facility
separate from the emissions from the turbines and generator including: venting and piping components for
the turbines and generator.

The toxic pollutants associated with operation of the turbines will be emitted at less than their
respective exemption levels under 9VAC5-60-300. In addition, the turbines are in a MACT source
category, 40 CFR 63 Subpart YYYY, but there are currently only notification requirements for natural gas
fired units such as those in this project. The emergency generator is covered by a MACT standard (40
CFR 63 Subpart ZZZZ). Therefore, the toxic emissions for the project are exempt from the state toxics
rule under 9VAC5-60-300 and from review under Article 6.

B. 9VACS Chapter 80, Part I, Article 8 and Article 9 — PSD Major New Source Review and Non-
Attainment Major New Source Review

Pittsylvania County is a PSD area for all pollutants as designated in 9VAC5-20-205. The facility is a
PSD major source. The permittee proposes to limit the fuel throughput for the turbines and to limit the
hours of operation of the generator to 500 hours. This will limit all emissions to less than the significant
thresholds in 9VAC5-80-1615. Therefore, Article 8 and 9 will not be applicable.

Beginning July 1, 2011, greenhouse gases (GHG) is a pollutant that must be considered for regulation
as a “regulated NSR pollutant” for projects that occur at any stationary source. Following the US
Supreme Court decision on June 23, 2014, GHG may not be used to trigger a PSD permit by itself. If

! Based on a lower heating value (LHV) of 924.9 Btu/scf, in calculations provided by the manufacturer of the turbines.
% The calculations use emission factors and other data provided by the turbine manufacturer for NOx, CO, and VOC emissions.
The other criteria pollutant emissions are based on AP-42 factors.
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another regulated pollutant triggers PSD, then if the project causes an increase in CO, equivalents® (CO,e)
of at least 75,000 tons per year GHG would be subject to PSD requirements as well. Therefore, Article 8
is not applicable to GHG for this project.

C. 9VACS Chapter 50, Part I, Article 5 — NSPS

The project turbines are subject to 40 CFR 60 Subpart KKKK, Standards of Performance for
Stationary Combustion Turbines. The emission factor for NOx submitted with the application is less than
the emission standard listed in Subpart KKKK. Applicable requirements from Subpart A and Subpart
KKKK have been included in the permit. NOx emissions in the permit are based on an emissions
standard that is less than the emission standard in Subpart KKKK. Sulfur content of the fuel will be
demonstrated with gas contract documentation. The permittee has chosen to show continuous compliance
with the NOx standard by performing annual performance tests.

The emergency generator engine is subject to 40 CFR 60 Subpart JJJJ; Standards of Performance for
Stationary Spark Ignition Internal Combustion Engines. The NOx, CO, and VOC emissions calculations
for the engine in Attachment A are based on the standards for an emergency engine in Subpart JJJJ.
However, Transco is subject to Title V and any applicable requirements will be incorporated into the Title
V permit.

D. 9VACS Chapter 60, Part 1, Article 1 — NESHAPS
No applicable standards in 40CFR Part 61.

E. 9VACS Chapter 60, Part 1, Article 2 - MACT

The emergency generator engine is subject to the major source requirements of 40 CFR 63 Subpart
Zz77 (RICE MACT). The application indicates that Transco is aware that the engine is subject to
Subpart ZZZZ, and intends to comply with the requirements of the subpart. These applicable
requirements will be incorporated into the source’s Title V permit as required by the Air Regulations.

The turbines are covered by 40 CFR 63 Subpart YYY'Y (Stationary Combustion Turbines). Under
863.6095 (d) natural gas fired units, like those in this project, are currently only subject to initial
notification requirements.

F. State Only Enforceable (SOE) Requirements (9VAC5-80-1120 F)
No SOE requirements are necessary.

IV.  Best Available Control Technology Review (BACT)

BACT applicability for a project subject to permitting is a pollutant-by-pollutant evaluation. All units
in a project that emit a pollutant that has an increase in uncontrolled emissions equal to or greater than its
exemption threshold in 9VAC5-80-1105.D shall apply BACT for that pollutant. As discussed in Section
I11.A the NOx emissions from the turbines is greater than its threshold in 9VAC5-80-1105.D. Therefore,
NOx emissions from the turbines and NOx emissions from the emergency generator are subject to BACT.

BACT for the turbines to minimize NOx emissions is the use of SoOLoNOXx technology”, which, for the
proposed units, uses an emission factor of 15 ppm at 15% O, as compared to the NSPS Subpart KKKK
standard of 25 ppm at 15% O,. Monitoring is required in the permit to show when each turbine is and is
not operating in low-NOx mode. The source will conduct annual stack test to assure continuing
compliance with the limit. The permit contains a limit on the amount of fuel that can be burned by the
turbines on a 12-month rolling basis. Additionally, the permit contains a limit on the number of startups

% CO,e is the emission rate of each GHG species multiplied by its respective global warming potential (GWP) from 40CFR
Part 98.

* A control system developed by Solar® turbines that is a dry low emissions technology that utilizes lean-premixed combustion
technology to ensure uniform air/fuel mixture and to minimize formation of regulated pollutants.
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and shutdowns for the turbines®. During the startups and shutdowns® there are transition times that the
SoLoNOXx technology does not function effectively. The permit, as a provision of NSPS Subpart KKKK,
requires that the turbines be stack tested on an annual basis.

BACT for NOx on the emergency generator is limiting operation to less than 500 hours on a 12-month
rolling basis. In addition, the emergency generator being a new unit that is subject to NSPS Subpart JJJJ,
has an emissions standard for NOx that it is required to meet.

V. Summary of Actual Emissions Increase
Emissions as a result of the project are shown in the table below.

Emergency | Tanks & Project

Pollutant E;;Z};gs Generator Fugitives Total ‘\‘Z?unéf('.?_?jﬁ;
(tons/yr) (tons/yr) (tons/yr)
NOx 37.0 1.33 - 38.33 40
CO 37.5 2.66 - 40.16 100
VOC 431 0.67 0.91 5.89 40
SO, 1.93 0.0015 - 1.93 40
PM 4.51 0.025 - 4.54 25
PMy 451 0.025 - 4.54 15
PM,s 451 0.025 - 4.54 10

VI.  Dispersion Modeling

A. Regulated Pollutants

As shown in the table in Section V, the project does not cause an increase in emissions for any criteria
pollutant greater than the respective significant thresholds in 9VAC 5-80-1615 C. Therefore, by policy
modeling is not required.

B. Toxic Pollutants
Modeling is not required for a project that is exempt from the state toxics rule (See Section I11.A).

VIl. Boilerplate Deviations
The current permit for Station #166 and the most recent Skeleton, Generic, and Testing boilerplates
were used to prepare the proposed permit. There were no deviations.

VIIl. Compliance Demonstration

Hours of operation records are required for the emergency generator. Records of fuel consumption,
fuel specifications, and startups/shutdowns are required for the turbines as well as annual testing as a
requirement of NSPS Subpart KKKK.

IX. Title V Review — 9VAC5 Chapter 80 Part Il Article 1

The facility is a Title V major source due to a potential to emit (PTE) greater than 100 tons per year
for at least one regulated pollutant. A complete application for a significant modification to the Title V
permit is due no later than 12 months after beginning operation.

X. Other Considerations
As part of the calculations submitted by the source, for this application, emissions estimates are given

® The annual number of startups and shutdowns was submitted by the source as part of the application.
® For this model of turbine each startup and each shutdown takes about 10 minutes.
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for startup/shutdown periods. These estimates are not included in the permit because the fuel used during
the startup/shutdown periods is part of the fuel limit for the project, and, with the exception of CO, the
estimated emissions are relatively small. Fees are not paid for CO emissions and the addition of the CO
emissions to those listed in the permit would not trigger any additional permitting threshold.

XI.  Recommendations
Approval of the draft permit is recommended.

Attachments
Attachment A — Emissions Calculations

Addendum

In Transco’s comments on the draft permit, Transco noted that the tank installed for NG pipeline
condensate (Ref. Tnk1) has a capacity of 8,820 instead of the 4,200 gallons listed in the 11/12/13 permit.
The tank installed is below the exemption level capacity in 9VAC5-80-1105 B and is below the
applicability capacity for NSPS Kb. The Equipment List was changed to list the correct capacity for the
tank.
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Molly Joseph Ward
Secretary of Natural Resources

Lynchburg Office

7705 Timberlake Road
Lynchburg, Virginia 24502
(434) 582-3120

Fax (434) 582-5125

COMMONWEALTH of VIRGINIA

DEPARTMENT OF ENVIRONMENTAL QUALITY
Blue Ridge Regional Office

www.deq.virginia.gov

August 24, 2015

Mr. Michael C. Callegari
Manager, Environmental Compliance
Transcontinental Gas Pipe Line Co., LLC

P.O. Box 1396

Houston, TX 77251-1396

David K. Pavlor
Director

Robert J. Weld
Regional Director

Roanoke Office

3019 Peters Creek Road
Roanoke, Virginia 24019
(540} 362-6700

Fax (540) 562-6725

Location: Pittsylvania County
Registration No.: 30864

Dear Mr. Callegari:

Attached is a permit to modify and operate a compressor station in accordance with the
provisions of the Virginia State Air Pollution Control Board Regulations for the Control and
Abatement of Air Pollution. This permit supersedes your permit dated November 12, 2013.

In the course of evaluating the application and arriving at a final decision to approve the
project, the Department of Environmental Quality (DEQ) deemed the application complete on

July 9, 2015.

This permit contains legally enforceable conditions. Failure to comply may result in a
Notice of Violation and/or civil charges. Please read all permit conditions carefully.

This permit approval to modify and operate shall not relieve Transcontinental Gas Pipe
Line Co., LLC of the responsibility to comply with all other local, state, and federal permit

regulations.

The Board's Regulations as contained in Title 9 of the Virginia Administrative Code 5-
170-200 provide that you may request a formal hearing from this case decision by filing a
petition with the Board within 30 days after this case decision notice was mailed or delivered to
you. Please consult the relevant regulations for additional requirements for such requests.

As provided by Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the
date you actually received this permit or the date on which it was mailed to you, whichever
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occurred first, within which to initiate an appeal of this decision by filing a Notice of Appeal
with:

David K. Paylor, Director
Department of Environmental Quality
P.O.Box 1105

Richmond, VA 23218

If this permit was delivered to you by mail, three days are added to the thirty-day period in which
to file an appeal. Please refer to Part Two A of the Rules of the Supreme Court of Virginia for
information on the required content of the Notice of Appeal and for additional requirements
governing appeals from decisions of administrative agencies.

A copy of the results of performance tests required by 40 CFR 60, Subpart KKKK shall
to be sent to:

Associate Director

Office of Air Enforcement and Compliance Assistance (3AP20)
U.S. Environmental Protection Agency

Region III

1650 Arch Street

Philadelphia, PA 19103-2029

If you have any questions concerning this permit, please contact Allen Armistead at 434-
582-6202 or the regional office at 434-582-5120.

Smcerely, j

7/

T

Robert J. Weld
Regional Director

RIW/EAA
Attachments: Permit
NSPS, Subpart KKKXK (find at http://www.ecfr.gov)

Source Testing Report Format

cc:  Manager/Inspector, Air Compliance



COMMONWEALTH of VIRGINIA ~ "sm

Molly Joseph Ward ) Robert J. Weld
Secretary of Natural Resources DEPARTMENT OF ENVIRONMENTAL QUALITY Regional Director
Lynchburg Office Blue Rldge Reglondl Office Roanoke Office
7705 Timberlake Road www.deq.virginia.gov 3019 Peters Creek Road
Lynchburg, Virginia 24502 Roanoke, Virginia 24019
(434) 582-5120 (540) 562-6700
Fax (434) 582-5125 Fax (540) 562-6725

STATIONARY SOURCE PERMIT TO MODIFY AND OPERATE
This permit includes designated equipment subject to
New Source Performance Standards (NSPS).

This permit supersedes your permit dated November 12, 2013.

In compliance with the Federal Clean Air Act and the Commonwealth of Virginia
Regulations for the Control and Abatement of Air Pollution,

Transcontinental Gas Pipe Line Co., LLC
P.O. Box 1396
Houston, TX 77251-1396
Registration No.: 30864
is authorized to modify and operate
compressor station 166
located at

945 Transco Rd, Chatham, VA 24531

in accordance with the Conditions of this permit.

Approved on _August 24, 2015 .
/ -

7

o
PR

Robert J. Weld
Regional Director

Permit consists of 14 pages.
Permit Conditions 1 to 38.
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INTRODUCTION

This permit approval is based on and combines permit terms and conditions in accordance with 9
VAC 5-80-1255 from the following permit approvals and the respective permit applications:

minor new source review permit approval dated August 24, 2015 based on the permit
application dated March 11, 2015, and supplemental information dated June 2, 2015; June
22,2015; and July 9, 2015;

minor new source review permit approval dated November 12, 2013 based the permit
application dated February 5, 2013, and supplemental information dated March 11, 2013;
April 8,2013; April 23, 2013; June 7, 2013; and July 16, 2013

Any changes in the permit application specifications or any existing facilities which alter the
impact of the facility on air quality may require a permit. Failure to obtain such a permit prior to
construction may result in enforcement action. In addition, this facility may be subject to
additional applicable requirements not listed in this permit.

Words or terms used in this permit shall have meanings as provided in 9VAC5-10-20 of the State
Air Pollution Control Board Regulations for the Control and Abatement of Air Pollution. The
regulatory reference or authority for each condition is listed in parentheses () after each
condition.

Annual requirements to fulfill legal obligations to maintain current stationary source emissions
data will necessitate a prompt response by the permittee to requests by the DEQ or the Board for
information to include, as appropriate: process and production data; changes in control
equipment; and operating schedules. Such requests for information from the DEQ will either be
in writing or by personal contact.

The availability of information submitted to the DEQ or the Board will be governed by
applicable provisions of the Freedom of Information Act, §§ 2.2-3700 through 2.2-3714 of the
Code of Virginia, § 10.1-1314 (addressing information provided to the Board) of the Code of
Virginia, and 9VACS5-170-60 of the State Air Pollution Control Board Regulations. Information
provided to federal officials is subject to appropriate federal law and regulations governing
confidentiality of such information.

Equipment List - Equipment at this facility consists of the following:

Equipment included in the project

Reference No. Equipment Description Rated Capacity Federal Requirements

Tur3 Solar Taurus 70-10802S 85.14 MMBtw/hr |40 CFR 60 Subpart KKKK
Turbine (LHV)*

Tur4 Solar Taurus 70-10802S 85.14 MMBtwhr |40 CFR 60 Subpart KKKK
Turbine (LHV)

Eng2 Emergency Generator — 900 kW /1208 HP {40 CFR 60 Subpart JJJJ
Waukesha-Pearce Industries,
Inc. Model No. L5794LT
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Equipment Previously Permitted
Reference No. Equipment Description Rated Capacity Federal Requirements Permit Date
Turl Solar Taurus 70-108028 80.38 MMBtu/hr |40 CFR 60 Subpart KKKK 11/12/13
Turbine (LHV)*
Tur2 Solar Taurus 70-10802S 80.38 MMBw/hr {40 CFR 60 Subpart KKKK 11/12113
Turbine (LHV)
Engl Emergency Generator — 900 kW /1208 HP |40 CFR 60 Subpart J1JJ 11/12/13
Waukesha-Pearce Industries,
Inc. Model No. L5794LT
Equipment Exempt from Permitting
. e . . e e Exemption
Reference Neo. Equipment Description Rated Capacity Exemption Citation Date
Tnkl Tank for NG pipeline 8,820 gal 9VAC5-80-1105 B.8 11/12113,
condensate Revised
8/24/2015
Tnk2 Tank for Oil/Water mixture 14,200 gal 9VACS-80-1105 B.8 11/12/13

* - LHV means Lower Heating Value

Specifications included in the above tables are for informational purposes only and do not form
enforceable terms or conditions of the permit.

PROCESS REQUIREMENTS

1. Emission Controls — Nitrogen Oxides (NOx) emissions from the four turbines (Turl thru
Tur4) shall be controlled by Solar Turbine’s SoLLoNOx technology. The turbines shall be
provided with adequate access for inspection, and the SoLoNOx technology shall be in
operation when the turbines are operating.

(9VAC5-80-1180 and 9VAC5-50-260)[8/24/2015]

2. Emission Controls — Carbon Monoxide (CO) and Volatile Organic Compound (VOC)
emissions from the four turbines (Turl thru Tur4) shall be controlled by operating and
maintaining the turbines, air pollution control equipment, and monitoring equipment in a
manner consistent with good air pollution control practices for minimizing emissions at all
times including during startup, shutdown, and malfunction. Maintenance shall be done in
accordance with the manufacturer recommendations.

(9VAC5-80-1180 and 9VAC5-50-410) [8/24/2015]

OPERATING LIMITATIONS

3. Operating Hours - The emergency generator engines (Engl & Eng2) shall each not operate
more than 500 hours per year, calculated monthly as the sum of each consecutive 12-month
period. Compliance for the consecutive 12-month period shall be demonstrated monthly by
adding the total for the most recently completed calendar month to the individual monthly
totals for the preceding 11 months.

(9VAC5-80-1180 and 9VACS5-50-260) [8/24/2015]
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. Operating Practice - The two turbines (Turl & Tur2) shall not have more than 300 total
startup/shutdown events per year, not to exceed 100 hours per year for startup/shutdown
events, calculated monthly as the sum of each consecutive 12-month period. Compliance for
the consecutive 12-month period shall be demonstrated monthly by adding the total for the
most recently completed calendar month to the individual monthly totals for the preceding 11
months.

(9VAC5-80-1180 and 9VAC5-50-260)[11/12/13]

. Operating Practice - The two turbines (Tur3 & Tur4) shall not have more than 300 total
startup/shutdown events per year, not to exceed 100 hours per year for startup/shutdown
events, calculated monthly as the sum of each consecutive 12-month period. Compliance for
the consecutive 12-month period shall be demonstrated monthly by adding the total for the
most recently completed calendar month to the individual monthly totals for the preceding 11
months.

(9VAC5-80-1180 and 9VAC5-50-260) [8/24/2015]

. Monitoring Devices - The emergency generator engines (Engl & Eng2) shall each be
equipped with a non-resettable hour meter to continuously measure hours of operation.

Each monitoring device shall be installed, maintained, calibrated and operated in accordance
with approved procedures which shall include, as a minimum, the manufacturer's written
requirements or recommendations. Each monitoring device shall be provided with adequate
access for inspection and shall be in operation when the emergency generator engine is
operating.

(9VAC5-80-1180 D and 9VACS5-50-260) [8/24/2015]

. Monitoring Devices — Each of the four turbines (Turl thru Tur4) shall be equipped with a
continuous monitoring system to monitor the appropriate parameters as recommended by the
manufacturer to determine whether the units are operating to control NOx emissions using
the SoOLoNOXx technology. The permittee shall keep a log of the operating time when the
SoLoNOx technology is not operating to control NOx emissions, including startups and
shutdowns. The log shall include the cause when the SoLoNOx technology is not controlling
NOx emissions and the associated emissions during the non-control period.

Each monitoring device shall be installed, maintained, calibrated and operated in accordance
with approved procedures which shall include, as a minimum, the manufacturer's written
requirements or recommendations. Each monitoring device shall be provided with adequate
access for inspection and shall be in operation when either of the four turbines (Turl thru
Tur4) is operating.

(9VAC5-80-1180 D and 9VACS5-50-260) [8/24/2015]

. Fuel - The approved fuel for the four turbines (Turl thru Tur4) and the emergency generators
(Engl & Eng2) is natural gas. A change in the fuel may require a permit to modify and
operate.

(9VACS5-80-1180) [8/24/2015]



10.

11.

12.

13.

Transcontinental Gas Pipe Line Co., LLC
Registration Number: 30864

August 24, 2015

Page 5

Fuel Specifications - The natural gas shall meet the specifications below:
a. It shall meet the definition as specified in 40 CFR 60.4420, and

b. It shall meet the fuel quality characteristics in a current, valid purchase contract, tariff
sheet, or transportation contract for the fuel as described in 40 CFR 60.4365. This
documentation shall specify that the total sulfur content for the natural gas is 0.003% or
less. ;

(OVAC5-80-1180 and 9VACS-50-260) [8/24/2015]

Fuel Throughput - The two turbines (Turl & Tur2) shall consume no more than 1,170 x 10°
standard cubic feet per year, calculated monthly as the sum of each consecutive 12-month
period. Standard conditions shall be as specified in 40 CFR 72.2 (68°F and 29.92 in Hg).
Compliance for the consecutive 12-month period shall be demonstrated monthly by adding
the total for the most recently completed calendar month to the individual monthly totals for
the preceding 11 months.

(9VAC5-80-1180 and 9VACS5-50-260) [11/12/13]

Fuel Throughput - The two turbines (Tur3 & Tur4) shall consume no more than 1,330 x 10°
standard cubic feet per year, calculated monthly as the sum of each consecutive 12-month
period. Standard conditions shall be as specified in 40 CFR 72.2 (68°F and 29.92 in Hg).
Compliance for the consecutive 12-month period shall be demonstrated monthly by adding
the total for the most recently completed calendar month to the individual monthly totals for
the preceding 11 months.

(9VAC5-80-1180 and 9VACS5-50-260) [8/24/2015]

Requirements by Reference - Except where this permit is more restrictive than the
applicable requirement, the four turbines (Turl thru Tur4) shall be operated in compliance
with the requirements of 40 CFR 60, Subpart KKKK.

(9VAC5-80-1180, 9VACS5-50-400, and 9VACS-50-410) [8/24/2015]

Requirements by Reference - Except where this permit is more restrictive than the
applicable requirement, the two emergency generators (Engl and Eng2) shall be operated in
compliance with the requirements of 40 CFR 60, Subpart JJJJ.

(9VACS5-80-1180, 9VACS-50-400, and 9VACS5-50-410) [8/24/2015]

EMISSION LIMITS

14.

Process Emission Limits - Emissions from the operation of each of the two turbines Turl &
Tur2 shall not exceed the limits specified below:

Particulate Matter (PM) 0.59 lbs/hr
(including condensable PM)
PM-10 0.59 lbs/hr

PM-2.5 0.59 lbs/hr
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Sulfur Dioxide 0.25 lbs/hr
Nitrogen Oxides 15.0 ppmvd @ 15% O,  0.060 Ib/MMBtu (LHV)
(as NOy)
Carbon Monoxide 25.0 ppmvd @ 15% O,  0.061 Ib/MMBtu (LHV)
Volatile Organic 0.57 lbs/hr
Compounds

Compliance with these emission limits may be determined as stated in Conditions 8 and 9.
These limits apply at all times except during startup, shutdown, and malfunction.
(9VAC5-80-1180 and 9VAC5-50-260) [11/12/13]

Process Emission Limits - Emissions from the operation of both of the two turbines Turl &
Tur2 combined shall not exceed the limits specified below:

Particulate Matter (PM) 3.9 tons/yr
(including condensable PM

PM-10 3.9 tons/yr

PM-2.5 3.9 tons/yr

Sulfur Dioxide 1.7 tons/yr

Nitrogen Oxides 32.2 tons/yr
(as NOz)

Carbon Monoxide 32.7 tons/yr

Volatile Organic 3.7 tons/yr
Compounds

These emissions are derived from the estimated overall emission contribution from operating
limits, excluding startup and shutdown. Exceedance of the operating limits may be
considered credible evidence of the exceedance of emission limits. Compliance with these
emission limits may be determined as stated in Condition(s) 8, 9, and 10.

(9VACS5-80-1180 and 9VACS5-50-260) [11/12/13]

. Process Emission Limits - Emissions from the operation of each of the two turbines Tur3 &

Tur4 shall not exceed the limits specified below:

Particulate Matter (PM) 0.62 Ibs/hr
(including condensable PM)
PM-10 0.62 lbs/br
PM-2.5 0.62 Ibs/hr
Sulfur Dioxide 0.27 lbs/hr
Nitrogen Oxides 15.0 ppmvd @ 15% O,  0.060 Ib/MMBtu (LHV)

(as NOZ)
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Carbon Monoxide 25.0 ppmvd @ 15% O,  0.061 1b/MMBtu (LHV)
Volatile Organic 0.60 lbs/hr
Compounds

Compliance with these emission limits may be determined as stated in Conditions 8 and 9.
These limits apply at all times except during startup, shutdown, and malfunction.
(9VACS5-80-1180 and 9VAC5-50-260) [8/24/2015]

Process Emission Limits - Emissions from the operation of both of the two turbines Tur3 &
Tur4 combined shall not exceed the limits specified below:

Particulate Matter (PM) 4.5 tons/yr
(including condensable PM

PM-10 4.5 tons/yr

PM-2.5 4.5 tons/yr

Sulfur Dioxide 1.9 tons/yr

Nitrogen Oxides 37.0 tons/yr
(as NOp)

Carbon Monoxide 37.5 tons/yr

Volatile Organic 4.3 tons/yr
Compounds

These emissions are derived from the estimated overall emission contribution from operating
limits, excluding startup and, shutdown. Exceedance of the operating limits may be
considered credible evidence of the exceedance of emission limits. Compliance with these
emission limits may be determined as stated in Condition(s) 8, 9, and 11.

(9VAC5-80-1180 and 9VAC5-50-260) [8/24/2015]

Process Emission Limits - Emissions from the operation of the emergency generator (Engl)
shall not exceed the limits specified below: ‘

Nitrogen Oxides 5.33 lbs/hr 1.3 tons/yr
(as NO,

Carbon Monoxide 10.65 Ibs/hr 2.7 tons/yr

Volatile Organic 2.66 lbs/hr 0.7 tons/yr
Compounds

- These emissions are derived from the estimated overall emission contribution from operating

limits. Exceedance of the operating limits may be considered credible evidence of the
exceedance of emission limits. Compliance with these emission limits may be determined as
stated in Conditions 3, 8, and 9.

(9VAC5-80-1180 and 9VACS5-50-260) [11/12/13]
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19. Emissions from the operation of the emergency generator (Eng2) shall not exceed the limits
specified below:

Nitrogen Oxides 5.33 Ibs/hr 1.3 tons/yr
(as NO;
Carbon Monoxide 10.65 1bs/hr 2.7 tons/yr
Volatile Organic 2.66 lbs/hr 0.7 tons/yr
Compounds
These emissions are derived from the estimated overall emission contribution from operating
limits. Exceedance of the operating limits may be considered credible evidence of the
exceedance of emission limits. Compliance with these emission limits may be determined as
stated in Conditions 3, 8, and 9.
(9VACS5-80-1180 and 9VAC5-50-260) [8/24/2015]

20. Visible Emission Limit - Visible emissions from each of the four turbines (Turl thru Tur4)
shall not exceed five (5) percent opacity as determined by the EPA Method 9 (reference 40
CFR 60, Appendix A). This condition applies at all times except during startup, shutdown,
and malfunction.

(9VAC5-80-1180) [8/24/2015]

21. Visible Emission Limit - Visible emissions from each of the emergency generators (Engl &
Eng?2) shall not exceed five (5) percent opacity as determined by the EPA Method 9
(reference 40 CFR 60, Appendix A). This condition applies at all times except during
startup, shutdown, and malfunction.

(9VAC5-80-1180) [8/24/2015]
RECORDS
22. On Site Records - The permittee shall maintain records of emission data and operating

parameters as necessary to demonstrate compliance with this permit. The content and format
of such records shall be arranged with the Blue Ridge Regional Office. These records shall
include, but are not limited to:

a. Annual hours of operation of each of the emergency generator engines (Engl & Eng2),
calculated monthly as the sum of each consecutive 12-month period. Compliance for the
consecutive 12-month period shall be demonstrated monthly by adding the total for the
most recently completed calendar month to the individual monthly totals for the
preceding 11 months.

b. The annual number of startup/shutdown events by the two turbines Turl & Tur2 and the
total amount of time associated with the startup/shutdown events, calculated monthly as
the sum of each consecutive 12-month period. Compliance for the consecutive 12-month
period shall be demonstrated monthly by adding the total for the most recently completed
calendar month to the individual monthly totals for the preceding 11 months.
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The annual number of startup/shutdown events by the two turbines Tur3 & Tur4 and the
total amount of time associated with the startup/shutdown events, calculated monthly as
the sum of each consecutive 12-month period. Compliance for the consecutive 12-month
period shall be demonstrated monthly by adding the total for the most recently completed
calendar month to the individual monthly totals for the preceding 11 months.

. Annual consumption of natural gas by the two turbines Turl & Tur2, calculated monthly
as the sum of each consecutive 12-month period. Compliance for the consecutive 12-
month period shall be demonstrated monthly by adding the total for the most recently
completed calendar month to the individual monthly totals for the preceding 11 months.

. Annual consumption of natural gas by the two turbines Tur3 & Tur4, calculated monthly
as the sum of each consecutive 12-month period. Compliance for the consecutive 12-
month period shall be demonstrated monthly by adding the total for the most recently
completed calendar month to the individual monthly totals for the preceding 11 months.

Monthly and annual emissions calculations for NOx from the two turbines Turl & Tur2
using calculation methods approved by the Blue Ridge Regional Office to verify
compliance with the ton/yr emissions limitations in Condition 15. Annual emissions
shall be calculated monthly as the sum of each consecutive 12 month period. The
consecutive 12-month period sum shall be demonstrated monthly by adding the total for
the most recently completed calendar month to the individual monthly totals for the
preceding 11 months.

. Monthly and annual emissions calculations for NOx from the two turbines Tur3 & Tur4
using calculation methods approved by the Blue Ridge Regional Office to verify
compliance with the ton/yr emissions limitations in Condition 17. Annual emissions
shall be calculated monthly as the sum of each consecutive 12 month period. The
consecutive 12-month period sum shall be demonstrated monthly by adding the total for
the most recently completed calendar month to the individual monthly totals for the
preceding 11 months.

. Documentation of the average monthly Btu value for the natural gas consumed by the
four turbines (Turl thru Tur4) in both Lower Heating Value and Higher Heating Value,
along with any methodologies used in any conversions.

Records to verify that the natural gas fuel meets the specifications as required in
Condition 9.

Results of all performance tests, and results of DEQ requested visible emission
evaluations.
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k. Records of the occurrence and duration of any startup, shutdown, or malfunction in the
operation of the four turbines (Turl thru Tur4) or any malfunction of the air pollution
control equipment. This includes the log required by Condition 7.

. Scheduled and unscheduled maintenance, and operator training.
These'records shall be available for inspection by the DEQ and shall be current for the most

recent five years.
(9VACS5-80-1180, 9VACS5-50-50, 9VACS-50-410, and 40 CFR 60.7) [8/24/2015]

TESTING

23.

24.

25.

Emissions Testing - The compressor station shall be constructed so as to allow for emissions
testing upon reasonable notice at any time, using appropriate methods. Sampling ports shall
be provided when requested at the appropriate locations and safe sampling platforms and
access shall be provided.

(9VAC5-50-30 F and 9VACS5-80-1180) [8/24/2015]

Stack Test (Initial Compliance - NOx) - Initial performance tests shall be conducted for
NOx from the two turbines Turl & Tur2 in accordance with the requirements of 40 CFR
60.4400 to determine compliance with the emission limit contained in Condition 14. The
tests shall be performed, reported, and demonstrate compliance within 60 days after
achieving the maximum production rate at which the facility will be operated but in no event
later than 180 days after start-up of the permitted facility. Tests shall be conducted and
reported and data reduced as set forth in 9VAC5-50-30, and the test methods and procedures
contained in each applicable section or subpart listed in 9VACS5-50-410. The details of the
tests are to be arranged with the Blue Ridge Regional Office. The permittee shall submit a
test protocol at least 30 days prior to testing. One copy of the test results shall be submitted
to the Blue Ridge Regional Office within the time period specified above or within 60 days
after test completion, whichever is earlier, and shall conform to the test report format
enclosed with this permit.

The parameters indicating that the SoLoNOx technology is operating in low-NOx mode, as
addressed in Condition 7, shall be monitored and recorded during the performance tests.
(9VAC5-50-30, 9VAC5-80-1200, 9VAC5-50-410, and 40 CFR 60.4400) [11/12/13]

Stack Test (Initial Compliance - NOx) - Initial performance tests shall be conducted for
NOx from the two turbines Tur3 & Tur4 in accordance with the requirements of 40 CFR
60.4400 to determine compliance with the emission limit contained in Condition 16. The
tests shall be performed, reported, and demonstrate compliance within 60 days after
achieving the maximum production rate at which the facility will be operated but in no event
later than 180 days after start-up of the permitted facility. Tests shall be conducted and
reported and data reduced as set forth in 9VACS5-50-30, and the test methods and procedures
contained in each applicable section or subpart listed in 9VAC5-50-410. The details of the
tests are to be arranged with the Blue Ridge Regional Office. The permittee shall submit a
test protocol at least 30 days prior to testing. One copy of the test results shall be submitted
to the Blue Ridge Regional Office within the time period specified above or within 60 days
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after test completion, whichever is earlier, and shall conform to the test report format
enclosed with this permit.

The parameters indicating that the SoLoNOX technology is operating in low-NOx mode, as
addressed in Condition 7, shall be monitored and recorded during the performance tests.
(9VAC5-50-30, 9VAC5-80-1200, 9VAC5-50-410, and 40 CFR 60.4400) [8/24/2015]

Stack Test (Continuous Compliance - NOx) — NOx performance tests shall be conducted
on an annual basis (no more than 14 calendar months following the previous performance
test) on the four turbines (Turl thru Tur4) in accordance with the requirements of 40 CFR
60.4400 to determine compliance with the emission limit contained in Condition 14 and 16.
If the NOx emission result from the performance test is less than or equal to 75 percent of the
NOx emission limit for the turbine, you may reduce the frequency of subsequent
performance tests to once every 2 years (no more than 26 calendar months following the
previous performance test). If the results of any subsequent performance test exceed 75
percent of the NOx emission limit for the turbine, you must resume annual performance tests.
Tests shall be conducted and reported and data reduced as set forth in 9VAC5-50-30, and the
test methods and procedures contained in each applicable section or subpart listed in 9VAC35-
50-410. The details of the tests are to be arranged with the Blue Ridge Regional Office. The
permittee shall submit a test protocol at least 30 days prior to testing. One copy of the test
results shall be submitted to the Blue Ridge Regional Office within 60 days after test
completion and shall conform to the test report format enclosed with this permit.

The parameters indicating that the SoOLoNOx technology is operating in low-NOx mode, as
addressed in Condition 7, shall be monitored and recorded during the performance tests.
(9VACS5-50-30, 9VACS-80-1200, 9VACS-50-410, and 40 CFR 60.4340 & 60.4400)
[8/24/2015]

Performance Test (Compliance - Sulfur) - Each time a test is conducted as outlined in
Conditions 24, 25, and 26 a SO, performance test shall be conducted for the turbines in
accordance with the requirements of 40 CFR 60.4415.

(9VAC35-50-30, 9VAC5-80-1200, 9VACS-50-410, and 40 CFR 60.4415) [8/24/2015]

NOTIFICATIONS

28.

Initial Notifications - The permittee shall furnish written notification to the Blue Ridge
Regional Office of:

a. The actual date on which construction of the two turbines (Tur3 & Tur4) and emergency
generator (Eng2) commenced within 30 days after such date.

b. The actual start-up date of the two turbines (Turl & Tur2) and emergency generator
(Engl) within 15 days after such date.

c. The actual start-up date of the two turbines (Tur3 & Tur4) and emergency generator
(Eng2) within 15 days after such date.
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d. The anticipated date of performance tests of the compressor station postmarked at least
30 days prior to such date.

e. An Initial Notification for the two turbines (Tur3 & Tur4) in accordance with the
requirements of 40 CFR 63.6145.

Copies of the written notification referenced in items a through e above are to be sent to:
Associate Director
Office of Air Enforcement and Compliance Assistance (3AP20)
U.S. Environmental Protection Agency
Region 11
1650 Arch Street
Philadelphia, PA 19103-2029
(9VAC5-50-50, 9VAC5-80-1180, 9VACS-50-410, 40 CFR 60.7, 9VACS5-60-100, and 40
CFR 63.9) [8/24/2015]

GENERAL CONDITIONS

29. Permit Invalidation — This permit to construct the two turbines Turl & Tur2 and emergency
generator engine Engl shall become invalid, unless an extension is granted by the DEQ), if:

a. A program of construction or modification is discontinued for a period of 18 months or
more, or is not completed within a reasonable time, except for a DEQ approved period
between phases of a phased construction project.

(9VAC5-80-1210) [11/12/13]

30. Permit Invalidation — This permit to construct the two turbines Tur3 & Tur4 and emergency
generator engine Eng?2 shall become invalid, unless an extension is granted by the DEQ, if;

a. A program of continuous construction or modification is not commenced within 18
months from the date of this permit;

b. A program of construction or modification is discontinued for a period of 18 months or
more, or is not completed within a reasonable time, except for a DEQ approved period

between phases of a phased construction project.
(9VAC5-80-1210) [8/24/2015]

31. Permit Suspension/Revocation - This permit may be suspended or revoked if the permittee:

a. Knowingly makes material misstatements in the permit application or any amendments to
it;

b. Fails to comply with the conditions of this permit;

c. Fails to comply with any emission standards applicable to a permitted emissions unit;
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d. Causes emissions from the stationary source which result in violations of, or interfere
with the attainment and maintenance of, any ambient air quality standard; or

e. Fails to operate in conformance with any applicable control strategy, including any
emission standards or emission limitations, in the State Implementation Plan in effect at
the time an application for this permit is submitted.

(OVAC5-80-1210 F)

32. Right of Entry - The permittee shall allow authorized local, state, and federal

33.

representatives, upon the presentation of credentials:

a. To enter upon the permittee's premises on which the facility is located or in which any
records are required to be kept under the terms and conditions of this permit;

b. To have access to and copy at reasonable times any records required to be kept under the
- terms and conditions of this permit or the State Air Pollution Control Board Regulations;

c. To inspect at reasonable times any facility, equipment, or process subject to the terms and
conditions of this permit or the State Air Pollution Control Board Regulations; and

d. To sample or test at reasonable times.

For purposes of this condition, the time for inspection shall be deemed reasonable during
regular business hours or whenever the facility is in operation. Nothing contained herein
shall make an inspection time unreasonable during an emergency.

(9VAC5-170-130 and 9VAC5-80-1180)

Maintenance/Operating Procedures — At all times, including periods of start-up, shutdown,
and malfunction, the permittee shall, to the extent practicable, maintain and operate the
affected source, including associated air pollution control equipment, in a manner consistent
with good air pollution control practices for minimizing emissions.

The permittee shall take the following measures in order to minimize the duration and
frequency of excess emissions, with respect to the four turbines (Turl thru Tur4) and two
emergency generator engines (Engl & Eng2):

a. Develop a maintenance schedule and maintain records of all scheduled and non-
scheduled maintenance.

b. Maintain an inventory of spare parts.

¢. Have available written operating procedures for equipment. These procedures shall be
based on the manufacturer's recommendations, at a minimum.

d. Train operators in the proper operation of all such equipment and familiarize the
operators with the written operating procedures, prior to their first operation of such
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equipment. The permittee shall maintain records of the training provided including the
names of trainees, the date of training and the nature of the training.

Records of maintenance and training shall be maintained on site for a period of five years and
shall be made available to DEQ personnel upon request.
(9VAC5-50-20 E and 9VAC5-80-1180 D) [8/24/2015]

Record of Malfunctions — The permittee shall maintain records of the occurrence and
duration of any bypass, malfunction, shutdown or failure of the facility or its associated air
pollution control equipment that results in excess emissions for more than one hour. Records
shall include the date, time, duration, description (emission unit, pollutant affected, cause),
corrective action, preventive measures taken and name of person generating the record.
(9VAC5-20-180 J and 9VAC5-80-1180 D)

Notification for Facility or Control Equipment Malfunction - The permittee shall furnish
notification to the Blue Ridge Regional Office of malfunctions of the affected facility or
related air pollution control equipment that may cause excess emissions for more than one
hour, by facsimile transmission, telephone or telegraph. Such notification shall be made as
soon as practicable but no later than four daytime business hours after the malfunction is
discovered. The permittee shall provide a written statement giving all pertinent facts,
including the estimated duration of the breakdown, within two weeks of discovery of the
malfunction. When the condition causing the failure or malfunction has been corrected and
the equipment is again in operation, the permittee shall notify the Blue Ridge Regional
Office.

(9VAC5-20-180 C and 9VACS5-80-1180)

Violation of Ambient Air Quality Standard - The permittee shall, upon request of the
DEQ, reduce the level of operation or shut down a facility, as necessary to avoid violating
any primary ambient air quality standard and shall not return to normal operation until such
time as the ambient air quality standard will not be violated.

(9VAC5-20-180 T and 9VAC5-80-1180)

Change of Ownership - In the case of a transfer of ownership of a stationary source, the new
owner shall abide by any current permit issued to the previous owner. The new owner shall
notify the Blue Ridge Regional Office of the change of ownership within 30 days of the
transfer.

(OVACS5-80-1240)

Permit Copy - The permittee shall keep a copy of this permit on the premises of the facility
to which it applies.
(9VAC5-80-1180)



SOURCE TESTING REPORT FORMAT

Report Cover
1. Plant name and location
2. Units tested at source (indicate Ref. No. used by source in permit or registration)
3. Test Dates.
4. Tester; name, address and report date

Certification
1. Signed by team leader/certified observer (include certification date)
2. Signed by responsible company official
3. *Signed by reviewer

Copy of approved test protocol

Summary
Reason for testing
Test dates
Identification of unit tested & the maximum rated capacity
*For each emission unit, a table showing:
a. Operating rate
b. Test Methods
¢. Pollutants tested
d. Test results for each run and the run average
e. Pollutant standard or limit
5. Summarized process and control equipment data for each run and the average, as required by the
test protocol
6. A statement that test was conducted in accordance with the test protocol or identification &
discussion of deviations, including the likely impact on results
7. Any other important information

el

Source Operation
1. Description of process and control devices
2. Process and control equipment flow diagram
3. Sampling port location and dimensioned cross section Attached protocol includes: sketch of
stack (elevation view) showing sampling port locations, upstream and downstream flow disturbances
and their distances from ports; and a sketch of stack (plan view) showing sampling ports, ducts
entering the stack and stack diameter or dimensions

Test Results
1. Detailed test results for each run
2. *Sample calculations
3. *Description of collected samples, to include audits when applicable

Appendlx

*Raw production data

*Raw field data

*Laboratory reports

*Chain of custody records for lab samples
*Calibration procedures and results
Project participants and titles

Observers’ names (industry and agency)
Related correspondence

Standard procedures

WRNAN B L

* Not applicable to visible emission evaluations
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Solar Turbines PIL. 167

A Caterpillar Company

Product Information Letter

SoLoNOx Products:

Emissions in Non-SoLoNOx Modes

Leslie Witherspoon
Solar Turbines Incorporated

PURPOSE

Solar’s gas turbine dry low NOx emissions combustion systems, known as SoLoNOx™,
have been developed to provide the lowest emissions possible during normal operating
conditions. In order to optimize the performance of the turbine, the combustion and fuel
systems are designed to reduce NOx, CO and unburned hydrocarbons (UHC) without
penalizing stability or transient capabilities. At very low load and cold temperature extremes,
the SoLoNOx system must be controlled differently in order to assure stable operation. The
required adjustments to the turbine controls at these conditions cause emissions to increase.

The purpose of this Product Information Letter is to provide emissions estimates, and in
some cases warrantable emissions for NOx, CO and UHC, at off-design conditions.

The expected emissions values that follow are typically used to estimate emissions for
annual emissions inventory purposes, for New Source Review applicability determinations,
for air dispersion modeling, and for air permitting.

EMISSIONS ESTIMATES IN NON-SOLONOX MODE (LOW LOAD)

At operating loads < ~50%"' on natural gas fuel and < ~65%?2 on liquid fuels, SoLoNOx
engines are controlled to increase stability and transient response capability. The control
steps that are required affect emissions in two ways: 1) pilot fuel flow is increased,
increasing NOx emissions, and 2) airflow through the combustor is increased, increasing CO
emissions. Engine controls are triggered either by power output for single-shaft engines or
gas producer speed for two-shaft engines.

Emissions at lower loads vary by model and by the generation of control system. NOx can
range from 40 to 70 ppm (raw) and CO and UHC emissions can vary from 25 to 10000 ppm
(raw).

For emissions estimates at part-load conditions (idle to SoLoNOx mode) contact
Solar’'s Environmental Programs Group (Anthony Pocengal 858.505.8554 or Leslie
Witherspoon 858.694.6609).

As an alternative, a conservative method for estimating emissions of NOx at low loads is to
use the applicable New Source Performance Standard (NSPS): 40CFR60 subpart GG or
KKKK. For projects that commence construction after February 18, 2005, subpart KKKK is
the applicable NSPS and contains a NOx level of 150 ppm @ 15% O: for operating loads
less than 75%.

1 <~40% load for the Titan 250
2 < ~80% load for Centaur 40

PIL 167 Revision 6 1 1 December 2016
© 2016 Solar Turbines Incorporated
Caterpillar Confidential Green: Information contained herein is to be treated as Confidential and Proprietary to Caterpillar.
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COLD AMBIENT EMISSIONS ESTIMATES

Solar’s standard temperature range warranty for gas turbines with SoLoNOx combustion is =
0°F. At ambient temperatures below 0°F, Solar’s turbine models are controlled to increase
pilot fuel which improves flame stability but leads to higher emissions. Without the increase
in pilot fuel at temperatures below 0°F the turbine may exhibit combustor rumble, as
operation may be near the lean stability limit. The Titan™ 250 is an exception, with a lower
standard warranty at = —20°F.

If a cold ambient emissions warranty is requested, the turbine must be configured with the
appropriate combustion hardware and software. For new production hardware this refers to
the inclusion of “Pilot Active Control Logic”’. Pilot Active Control Logic employs active
oscillations feedback to increase pilot and reduce oscillations.

A cold ambient emissions warranty is only available on gas turbines being fired on natural
gas and is not offered for ambient temperatures below —20°F. Standard natural gas as
defined in Solar’s fuel spec, ES9-98, is required to offer a cold ambient warranty, but non-
standard fuels on a project basis can be reviewed by Solar to determine applicability. Cold
ambient emissions warranties cannot be offered for the Centaur® 40 turbine. In addition, a
cold ambient warranty cannot be offered for liquid fuel operation at this time.

Table 1 provides expected and warrantable cold ambient emissions levels for Solar's
SoLoNOx combustion turbines. Refer to Product Information Letter 205 for Mercury™ 50
turbine emissions estimates.

Table 1. Expected and/or Warrantable Emissions Between 0°F and —20°F for
Turbines Equipped with Pilot Active Control Logic
Natural Gas Fuel
NOx ppm values corrected to 15% O2

Turbine Fuel System Fuel Applicable NOx, CO, UHC,
Model Load ppm ppm ppm
Gas Only Gas 50 to 100% load 42 100 50
Centaur 50
Dual Fuel Gas 50 to 100% load 72 100 50
Taurus™ 60 | Gas Only or Dual Fuel Gas 50 to 100% load 42 100 50
Taurus 65 Gas Only Gas 50 to 100% load 42 100 50
Taurus 70 Gas Only or Dual Fuel Gas 50 to 100% load 42 100 50
Mars® 90 Gas Only Gas 50 to 100% load 42 100 50
Mars 100 Gas Only or Dual Fuel Gas 50 to 100% load 42 100 50
Titan 130 Gas Only or Dual Fuel Gas 50 to 100% load 42 100 50
. Gas Only Gas 40 to 100% load 25 50 25
Titan 250
Gas Only Gas 40 to 100% load 15 25 25

A cold ambient warranty is available for new equipment and will expire along with the new
equipment warranty. A cold ambient warranty is available for existing equipment if the cold
ambient upgrade is done at the time of overhaul. If an existing eligible turbine undergoes a
“field retrofit” of the Pilot Active Control Logic, emissions values as shown in Table 1 are
“expected” but not warranted. A warranty can be activated at the next engine overhaul and
will expire along with the engine overhaul warranty. Not all legacy models/ratings will
have a cold ambient warranty option.

For information on the availability and approvals for cold ambient temperature
emissions warranties, please contact Solar’s sales representatives.

PIL 167 Revision 6 2 1 December 2016
© 2016 Solar Turbines Incorporated
Caterpillar Confidential Green: Information contained herein is to be treated as Confidential and Proprietary to Caterpillar.
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Table 2 summarizes “expected” emissions levels for ambient temperatures below 0°F
for Solar's SoLoNOx turbines that are not equipped with the Pilot Active Control Logic or do
not have the a generation of hardware that can be equipped with Pilot Active Control Logic.
The emissions levels are extrapolated from San Diego factory tests and may vary at extreme
temperatures and as a result of variations in other parameters, such as fuel composition, fuel
quality, etc.

Table 3 summarizes “expected” emissions levels for ambient temperatures below —20°F for
the Titan 250.

Table 2. Expected Emissions below 0°F for SoLoNOx Combustion Turbines without
Pilot Active Control Logic
NOx ppm values corrected to 15% O2

Turbine Fuel Applicable NOx, CO, UHC,

Model Load ppm ppm ppm
Centaur 40 Gas 50 to 100% load 120 150 50
Gas 50 to 100% load 120 150 50
Gas 50 to 100% load 120 150 50
Taurus 60 Gas 50 to 100% load 120 150 50
Taurus 65 Gas 50 to 100% load 120 150 50
Taurus 70 Gas 50 to 100% load 120 150 50
Mars 90 Gas 50 to 100% load 120 150 50
Mars 100 Gas 50 to 100% load 120 150 50
Titan 130 Gas 50 to 100% load 120 150 50
Centaur40 | Liquid | 80 to 100% load 150 150 75
Centaur50 | Liquid | 65 to 100% load 150 150 75
Taurus 60 Liquid | 65 to 100% load 150 150 75
Taurus 70 Liquid 65 to 100% load 150 150 75
Mars 100 Liquid | 65 to 100% load 150 150 75
Titan 130 Liquid 65 to 100% load 150 150 75

Centaur 50

Table 3. Expected Emissions below —20°F for the Titan 250 SoLoNOx Combustion
Turbine
NOx ppm values corrected to 15% O2

Turbine F Applicable NOx, CO, UHC,
uel
Model Load ppm ppm ppm
Titan 250 Gas 40 to 100% load 70 150 50

For a more conservative NOx emissions estimate than shown in Table 2 or 3, customers can
refer to the NSPS 40CFR60, Subpart KKKK, where the allowable NOx emissions level for
ambient temperatures < 0°F is 150 ppm NOx at 15% O2. For pre-February 18, 2005,
SoLoNOx combustion turbines subject to 40CFR60 subpart GG, a conservative estimate is
the appropriate subpart GG emissions level. Subpart GG levels range from 150 to 214 ppm
NOx at 15% O2 on natural gas (and 150-210 on liquid fuel) depending on the turbine model.
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COLD AMBIENT PERMITTING STRATEGY OPTIONS

When permitting in cold ambient climates, customers can use a “tiered emissions” permitting
approach, choose to permit a single emission rate over all temperatures, use 40CFR60
Subpart KKKK, or develop another strategy to satisfy air permitting requirements.

In a “tiered” approach, a digital thermometer is installed to record ambient temperature. The
amount of time is recorded that the ambient temperature falls below 0°F. The amount of
time below 0°F is then used with the emissions estimates shown in Tables 1 and 2 to
estimate “actual” emissions during sub-zero operation.

For customers who wish to permit at a single emission rate over all ambient temperatures,
inlet air heating can be used to raise the engine inlet air temperature (T1) above 0°F. With
inlet air heating to keep T1 above 0°F, standard emission warranty levels may be offered.
Inlet air heating technology options include an electric resistance heater, an inlet air to
exhaust heat exchanger and a glycol heat exchanger.

A conservative alternative to using the NOx values in Tables 1, 2 and 3 is to reference
40CFR60 subpart KKKK, which allows 150 ppm NOx at 15% O2 for sub-zero operation.

Solar Turbines Incorporated
9330 Sky Park Court
San Diego, CA 92123-5398

This information is intended as a general overview and is not intended to be, and should not be used as, a substitute for
obtaining legal advice in any specific situation. This document is accurate as of the publication date. Therefore, any
discussion of a particular regulatory issue may become outdated. If specific legal advice is required, the reader should
consult with an attorney.

Cat and Caterpillar are registered trademarks of Caterpillar Inc. Solar, Saturn, Centaur, Taurus, Mercury, Mars, Titan,
SoLoNOx, Turbotronic, InSight System, and InSight Connect, are trademarks of Solar Turbines Incorporated. All other
trademarks are the intellectual property of their respective companies.

© 2016 Solar Turbines Incorporated. All rights reserved. Specifications are subject to change without notice.
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From: Mark Sabath

Sent: Friday, April 9, 2021 9:10:45 AM

To:'Walthall, Anita'

Cec: "Peter Anderson'; Tiffany Haworth (thaworth@danriver.org); 'Steven Pulliam'; Emily Sutton; Anita Royston (naacppittsyco@gmail.com); Elizabeth Kostelny;
Ivy Main (ivy.main@sierraclub.org)

Subject: Comments on Lambert Compressor Station Air Permit (Email 2 of2)

Importance: Normal

Attachments:

xhibits 11-28.pdf];

Ms. Walthall: Please find attached Exhibits 11-28 to the comments submitted with the email below.

Mark

From: Mark Sabath

Sent: Friday, April 09, 2021 9:06 AM

To: 'Walthall, Anita'

Cc: 'Peter Anderson'; Tiffany Haworth (thaworth@danriver.org); 'Steven Pulliam'; Emily Sutton; Anita Royston (naacppittsyco@gmail.com); Elizabeth Kostelny; Ivy Main
(ivy.main@sierraclub.org)

Subject: Comments on Lambert Compressor Station Air Permit (Email 1 of 2)

Ms. Walthall: Please find attached the comments of the Southern Environmental Law Center, Appalachian Voices, Dan River Basin Association, Good
Stewards of Rockingham, Haw River Assembly, Pittsylvania County NAACP, Preservation Virginia, and Sierra Club Virginia Chapter on the proposed stationary
source permit to Mountain Valley Pipeline, LLC to construct and operate the Lambert Compressor Station (Registration No. 21652). Exhibits 1-10to our
comments are also attached to this email. Exhibits 11-28 will follow in a second email.

Please feel free to contact me with any questions.
Mark

Mark Sabath

Senior Attorney | Southern Environmental Law Center

201 West Main St., Suite 14 | Charlottesville, VA 22902-5065
T: (434) 977-4090 | Email: msabath@selcva.org
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Energy Solutions Products Lifecycle Support About Us Careers

QA & \

Equipment Optimization | System Upgrades | Safety and Sustainability | SoLoNOx Upgrades

SoLoNOx Upgrade

Low Emission Gas
Turbine Solutions

Solar's SoLoNOx technology is a
sustainable solution that reduces NOX
and CO emissions. Since it's
introduction in 1992, Solar has shipped
more than 2800 turbines equipped with
SoLoNOx low emissions technology,
reducing NOx emissions by over 6
million tons. Now, Solar is introducing
the next generation of this innovative
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technology. Advances in combustor
liner, fuel injector, and bleed shield
design, along with primary zone
temperature control are some of the
advancements allowing Solar to offer a
robust 9ppm NOx, 15ppm CO, and 15
ppm UHC emissions warranty for
natural gas fuel. This standard
production option is now available for
the Taurus 70- 10800, with other
models and selected ratings to follow.

https://www.solarturbines.com/en_US/services/equipment-optimization/s...
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SoLoNOx Upgrade Provides Increased Production And
Better Emissions Controls

Downtime means lost production. Your exchange engine can also include a SoLoNOXx conversion to
minimize interruption to your production. By converting to Solar’s SoLoNOx combustion system you

can reduce emissions at your site, giving you more permitting options while helping improve local air
quality.

LEARN MORE

Case Studies And Solutions
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Combustion

Technology Will Lower Emissions

Solar has a long history of installing Fit My Needs'?

gas turbines around the world using

Solar’s goal for Asset Optimization
is to respond to our customers’
needs when their operation requires
the use of existing assets, have
footprint constraints, or ...

a broad range of gaseous and liquid
fuels, while at the same time
reducing emissions.

VIEW ALL CASE STUDIES

Would You Like Us To Evaluate Your Potential Savings?

Contact us and we’ll evaluate the cost savings you can achieve with Solar Turbines solutions.

GET IN TOUCH

Explore The Solar Turbines Difference

Explore > Explore > Explore >
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Solar Turbines has been innovating

Solar Turbines provides best in Customer support extends beyond ~ the energy industry for more than
class energy solutions with maintenance and repairs to include €0 years and we will continue to
turbomachinery for power broad offerings that help enhance ~ Push what is possible.
generation and motor driven performance and safety, extend

compression products and equipment life and prevent

packages. Our wide range of obsolescence.

solutions maximize availability,
reliability and value throughout your
equipment's life cycle.

b i

A Caterpillar Compan

Social Media

[f] Facebook
[y LinkedIn

& YouTube

] Twitter

@) Instagram
Energy Solutions

Oil And Gas

Power Generation
Digital Solutions
Carbon Reduction
Industry Applications
Modular Solutions
Pre-Owned Equipment

Case Studies
Products

Gas Turbines

Gas Compressors
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Gas Compressor Packages
Mechanical Drive Packages
Oil And Gas Power Generation

Industrial Power Generation
Lifecycle Support

Solar Turbines Parts

Equipment Optimization

Gas Turbine Overhaul

Gas Compressor Restage And Overhaul
Field Services

Service Solutions

Technical Training

Customer Applications And Portals
About Us

Corporate Values
Worldwide Locations
Sustainability
Innovation

History

Company News
Contact Us
Webinars

Financing
Careers

Departments

Students And New Grads
Work Culture

Benefits

Frequently Asked Questions
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Opportunities for Efficiency Improvements in the U.S. Natural Gas
Transmission, Storage and Distribution System

Jeffery B. Greenblatt
Lawrence Berkeley National Laboratory

Executive Summary

This report provides an in-depth review of the U.S. natural gas transmission, storage and
distribution system, from gas gathering at wellheads to final delivery to consumers, with a
focus on energy efficiency opportunities. Drawing upon several resources published by the
U.S. government and the natural gas industry, as well as a number of research papers and
company publications, this report provides an overview of system components, historical
and potential future trends, technical efficiency opportunities, cost estimates, and a final
synthesis. While not comprehensive, a number of general conclusions can be drawn from
the available information. There are a number of technical efficiency opportunities located
throughout the natural gas infrastructure system that have yet to be fully realized. This
includes improvements in compressors, prime movers (gas engines/turbines and electric
motors), and capacity/operational choices; pipeline sizing, layout, cleaning, and interior
coatings; and opportunities for waste heat recovery. While the natural gas gathering,
processing, and transmission infrastructure being built as part of efforts to expand natural
gas system capacity will generally be more efficient than existing natural gas infrastructure
currently in place, there are opportunities to improve the efficiency of existing equipment
(e.g. pipelines and compressor systems) through replacement and/or upgrades.
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AGA, American Gas Association

BGA, BlueGreen Alliance
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scf, standard cubic feet of gas (at 60°F and 14.73 psi). For natural gas, this is ~932 Btu LHV
or ~1,033 Btu HHV (the precise value depends on the composition of natural gas, which
can vary). Mass density is ~20.86 g/scf (GREET, 2010).i
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SWRI, Southwest Research Institute

TS&D, transmission, storage and distribution

U.S., United States

WHR, waste heat recovery

I Converted from conditions presented in GREET (2010) (0°C and 101.325 kPa; former IUPAC standard) by
scaling values by 1.0545 scf per IUPAC ft3 (IUPAC, 1997).
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1. Overview

A. High-level description

With the oldest long-distance pipeline completed in 1929, the U.S. natural gas transmission
network is about 85 years old (INGAA, 20104, p. 13), with ~320,000 miles (DOT, 2014a)?! of
wide-diameter, high-pressure pipelines (EIA, 2008a). The distribution network constitutes
the majority of pipeline distances (~2.15 million miles) (DOT, 2014b)2 and while it
contains some legacy pipeline, is overall newer than the transmission network (EIA,
2014a).

The modern natural gas transmission, storage and distribution (TS&D) infrastructure
consists of a vast network of production wells, processing plants, pipelines, compressors,
storage facilities and liquefaction plants, delivering about 73 Bscf of natural gas per day
(~27,000 Bscf annually) in 2014. Seasonal demand varies between ~60 and ~100 Bscf/day
(EIA, 2015a). Most natural gas that is consumed in the U.S. is produced domestically. About
10% is imported from Canada, with a very small portion imported from Mexico.3 The U.S.
also exports a small percentage of its domestic production, resulting in net imports of 8%
in 2011 (EIA, 2011) and ~4% projected for 2015 (EIA, 2015a). Overall, 99% of natural gas
used in the U.S. is produced in North America (APGA, 2012).

The EIA provides a useful schematic overview of the TS&D network, subdividing the
system into gas gathering from production wells, gas processing, and imports; long-
distance transmission pipelines; gas storage and LNG facilities (also mainly used for
peaking storage); and distribution to end users (EIA, 2007; EIA, 2008b). Compression is
used throughout the system (CAGI, 2012, p. 388; AGA, 2015a). See Figure 1. Except for the
small amount of natural gas provided by LNG (EIA, 2015a), virtually all natural gas
consumed is transported by pipeline; transport by rail or other vehicle is not considered
economically feasible (INGAA, 2010b).

1 This total includes 17,000 miles of gathering pipelines: small-diameter pipelines that move natural gas from
wells to processing plants or transmission interconnections (EIA, 2008a).

2 There is some confusion over what constitutes a distribution pipeline. DOT (2012, 2014b) breaks
distribution into “mains” (distribution lines that serve as a common source of supply for more than one
service line) and “service” (distribution lines that transport gas from a common source of supply, e.g., mains,
to a customer meter or the connection to a customer's piping). Mains encompass ~1.25 million miles and
service lines account for the remaining ~900,000 miles (DOT, 2014b). Both EIA (2014a) and BGA (2014)
report 1.2 million miles of distribution pipelines, consistent with the DOT estimate for mains. It seems that
the service portion of the distribution network was not included in the EIA and BGA definitions of
“distribution.”

3 The U.S. imports from Mexico have been declining since 2007, reaching 0.3 Bscfin 2012 and 1.1 Bscfin
2013, as opposed to ~3,000 Bscf/yr from Canada between 2005-2013, though imports have been decreasing
(EIA, 2014D).
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Figure 1. Schematic overview of natural gas pipeline TS&D network
Source: EIA (2008b)

The outline of this report is as follows. Section 1-B provides a detailed description of
system components, while Section 1-C describes historical and potential future trends.
Section 2 discusses technical opportunities for efficiency improvement in each part of the
system, including costs (Section 2-C) and system-level trade-offs (Section 2-D). Finally,
Section 3 provides a synthesis.

B. Description of system components
i. Pipelines
a. Transmission and Gathering

There are ~17,000 miles of small-diameter gathering pipelines that move natural gas from
wells to processing plants or transmission interconnections (EIA, 2008a). There was very
little additional information about natural gas gathering pipelines.

The current high-pressure, inter- and intrastate transmission portion of the natural gas
pipeline network consists of ~300,000 miles of pipelines organized into more than 210
individual pipeline systems (DOT, 2014a; EIA, 2007). As of 2008, about 70% of
transmission pipeline mileage was interstate (EIA, 2008c). Pipe diameters range up to 48
inches and pressures vary between 200 and 1,750 psi (INGAA, 20104, p. 18; CAGI, 2012, p.
423; AGA, 2015a; BPC, 2014). Approximately 27% of interstate pipeline diameters are 16
inches or smaller (EIA, 2008c). Pipeline flow rates vary tremendously, depending on what
part of the delivery system is involved and local demand. Using flow rate capacities on
~530 individual pipelines in 2013 (EIA, 2014c), an analysis of the data indicates a range



from 2 MMscf/day to almost 5 Bscf/day; median and average capacities were 480 and 840
MMscf/day, respectively; see Figure 2.
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Figure 2. Cumulative distribution of pipeline capacities in the U.S. in 2013: (a)

normal scale (b) log scale

Source: EIA (2014c) data analyzed by the author

Many major interstate pipelines are "looped" (two or more lines running in parallel). The
pipeline rights-of-way are usually 100 feet wide (AGA, 2015a).

The major flow of natural gas in the U.S. has historically been from the Gulf region into the
rest of the country, though the growth of shale gas is beginning to change this picture (see
Section 1-C-i). Moreover, there are several regional sources of natural gas and many
subtleties to the network. A schematic diagram showing major pathways is reproduced
from EIA (2008d) and shown in Figure 3.



Interstate Pipelines
Intrastate Pipelines

Figure 3. Major natural gas flows in the U.S.
Source: EIA (2008d)

Natural gas also flows in multiple directions between regions. A map showing flow rates
among six U.S. regions is reproduced from EIA (2008e) and shown in Figure 4.
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Figure 4. Regional natural gas flows as of December 31, 2008
Source: EIA (2008e)

b. Distribution

Approximately 87% of the natural gas pipeline network mileage is used for distribution,
with ~2.15 million miles currently in existence (DOT, 2014b). When the natural gas
reaches a local gas utility, it normally passes through a gate station, which reduces the
pressure in the line to between 0.25 psi and 400 psi (CAGI, 2012, p. 423; AGA, 2015a).
Generally, reciprocating compressors are utilized for this function (CAGI, 2012, p. 423).
(See Section 2-A-iv for a discussion of the use of turboexpanders to extract energy during
this step-down process.) It is at this stage that an odorant is added. From the gate station,
natural gas then moves into distribution lines or mains that range in diameter from 2 to 42
inches (AGA, 2015a; BPC, 2014).

The final stage in the gas delivery system is the service line to the building end user.
Diameters typically range from 0.5 to 2 inches (BPC, 2014) and pressures range from 60 psi
to as low as 0.25 psi (AGA, 2015a).



ii. Compressor systems

Compressor systems consist of two main components: the compressor itself and the prime
mover (also called the compressor driver). There are several major technology options for
each component, and the choice of components will depend upon trade-offs among
multiple features.

a. Compressors

Major types of compressors are reciprocating, centrifugal and axial. (Other types of
compressors exist as well but are not commonly used for natural gas compression).

Reciprocating compressors work by compressing gas in a cylinder via piston movement.
Capacities vary from fractional hp to more than 20,000 hp per unit. Pressures range from
low vacuum at the inlet (or suction) side to 30,000 psi and higher at the discharge side.
Reciprocating compressors come in two main configurations:

e Single-throw, horizontal or vertical arrangement: a single cylinder or multiple
tandem cylinders are used with a single crank; the unbalanced inertia forces must
be absorbed by the skid (baseplate) and foundation; see illustration reproduced
from CAGI (2012, p. 450) in Figure 5(a).

e Multi-throw horizontal, balanced-opposed frame: Two or more cylinders with equal
reciprocating weights are located on opposite sides of a frame and are powered by a
double-throw crankshaft with cranks set at 180°. All primary and secondary inertia
forces mutually cancel each other; however, there are unbalanced forces that cause
mechanical vibrations and can result in alignment, piping, or vibration problems. As
many as five pairs of crank throws can be arranged on one compressor frame.
Figure 5(b) shows an illustration reproduced from CAGI (2012, p. 451).



(b)
Figure 5. Examples of (a) single-throw and (b) multi-throw centrifugal compressors
Source: CAGI (2012, pp. 450-451)

Reciprocating compressors are built as either single- or multi-stage units. The number of
stages is determined by the overall compression ratio. The compression ratio per stage
(and valve life) is generally limited by the discharge temperature and usually does not
exceed four, although small-sized units (used for intermittent duty) are furnished with a
compression ratio as high as eight. On multi-stage machines, intercoolers (heat exchangers
that remove the heat of compression from the gas, reducing the temperature to close to
that of the compressor intake) are sometimes used between stages. Intercooling reduces
the volume of gas going to the high-pressure cylinders, reducing the horsepower required
for compression (CAGI, 2012, p. 474).



A centrifugal compressor uses the centrifugal force from a rotating gas flow to provide
pressure to compress the gas. In its simplest form, a centrifugal compressor is a single-
stage, single-flow unit with the impeller (the rotating part that imparts kinetic energy to
the fluid) overhung on a motor CAGI (2012, p. 551); see the cut-away illustration
reproduced from CAGI (2012, p. 552) shown in Figure 6. The gas enters the centrifugal
compressor through the inlet nozzle (at right), which is proportioned to minimize
turbulence as the gas enters the impeller. The rotating impeller (driven by an engine or
motor) dynamically compresses the gas and also sets it in motion, giving it a velocity
somewhat less than the tip speed of the impeller. The diffuser surrounds the impeller and
serves to gradually reduce this velocity by increasing the pressure. A volute casing
surrounds the diffuser and collects the gas, further reducing its velocity and further
increasing the pressure. The gas exits at the top of the illustration (CAGI, 2012, p. 551).

Figure 6. Cut-away view of a single-stage centrifugal compressor
Note: gas flow inlet is at right and outlet is at top.
Source: CAGI (2012, p. 552)

A multi-stage centrifugal compressor is a machine having two or more stages. Such
compressors may be described as in-line (all impellers are on a single shaft and in a single
casing) or integrally geared (impellers are mounted singly at one or both ends of each pin-



ion, and each impeller has its own separate casing). Integrally geared centrifugal
compressors are normally used only on air and nitrogen service. Gas flow between stages is
facilitated by inter-stage diaphragms, connecting the discharge of one impeller to the inlet
of the next impeller. Sealing between stages is accomplished using labyrinth ring seals,
which impose restriction on the flow between impellers at the shaft, at the impeller eye,
and at the balancing drum (CAGI, 2012, pp. 545-552). An illustration of a labyrinth seal is
reproduced from CAGI (2012, p. 595) in Figure 7.
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Figure 7. Labyrinth seal of centrifugal compressor
Source: CAGI (2012, p. 595)

Axial compressors are more reminiscent of gas turbines, compressing the gas through a
series of rotating blades arranged along a common shaft; see reproduction from GE (2005,
p. 13) in Figure 8. They are primarily used for low pressure, high-flow applications (INGAA,
20104, p. B-1), and as such, are seldom used in the natural gas TS&D system except for
producing LNG (GE, 2013, p. 5). They are characterized by roughly constant inlet flow over
a considerable range of discharge pressure (CAGI, 2012, p. 559). Shaft-end seals can be
labyrinth, oil films or dry, depending on service requirements (GE, 2013, p. 13).



Figure 8. Cut-away view of an axial compressor
Source: GE (2013)

Comparison of compressor types. There are a great deal of overlapping characteristics
among compressor technologies, as seen in Figure 9 reproduced from INGAA (201043, p. B-
1). As arule, reciprocating compressors are generally used for lower flow applications (up
to ~2,000 scf/min.), while centrifugal compressors are used at higher flow rates (~100 to
~100,000 scf/min.). Axial compressors, used for very high flow rates (>100,000 scf/min.),
are not generally encountered in pipeline operations.
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Figure 9. Discharge pressure versus inlet flow for different compressor technologies

Source: INGAA (20104, p. B-1)

As can be seen from the above figure, the pressure and flow rate conditions in most
pipeline operations fall into a region that overlaps with both reciprocal and centrifugal
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compressors. Among these two main types of compressors, reciprocating are more
effective in situations with varying pressure ratios (i.e., where the ratio of discharge to
suction pressure varies substantially), while centrifugal are more effective in situations
with generally higher flow rates, some flow variability, and relatively constant pressure
ratios. According to CAGI (2012, p. 474), the advantages of centrifugal over reciprocating
compressors are:

¢ Lower installed first cost where pressure and volume conditions are favorable

e Lower maintenance expense

e Greater continuity of service and dependability

e Less operating attention required

e Greater volume capacity per unit of plot area

e Adaptability to high-speed, low maintenance cost prime movers
Conversely, the advantages of reciprocating over centrifugal compressors (CAGI, 2012, p.
474) are:

e (Greater flexibility in capacity and pressure range
Higher compressor efficiency and lower power cost
Capability of delivering higher pressures
Capability of handling smaller volumes
Less sensitive to changes in gas composition and density

Differences in efficiency are discussed in Section 2-A.

b. Prime movers

Among prime movers, there are three main choices in use in the natural gas TS&D system:
gas engines, gas turbines and electric motors.

Gas engines. Similar to an internal combustion engine used in a vehicle, the gas engine
(sometimes called a reciprocating engine) uses a chamber, filled with combusting natural
gas, to drive a piston. While modern gas engines are quite efficient, they do have power
limitations, and can have high vibration issues that affect reliability. Also, certain
components may require frequent maintenance (INGAA, 20104, p. 34). These issues are
discussed more thoroughly in Sections 1-C-ii and 2-A.

Gas engines are normally divided into two general categories related to speed. These
categories are slow-speed engines (<600 rpm) and medium-speed engines (600-2,100
rpm). There are also two basic types of gas engine designs: the two-stroke cycle and four-
stroke cycle. Either type can be turbocharged. The two-cycle engines require less
displacement for the same rating. The differences in performance between these engine
types are small, especially with turbocharging (CAGI, 2012, p. 448).

Slow speed engines are in common use in integral gas engine compressors. “Integral”
indicates the use of a common crankshaft to drive both the power cylinders and the
compressor. Integral machines are typically subdivided according to power output: small
(25-800 hp) and large (800-7,000 hp). Small integral engines are used in oil field services
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(gas gathering, gas injection, small gas processing plants). Larger integral engines are used
in process plants, main line gas transmission, gas injection, and large gas plants (CAGI,
2012, p. 518).

Medium-speed gas engines (600-2,100 rpm) are generally used for non-integral
(separable) oil field compressors. Power sizes range from 5 to 3,600 hp, with the smaller
end of the range (5-400 hp) generally operating at medium speed (1,400-1,800 rpm),
while the larger end (300-3,600 hp) are generally directly connected and operate at lower
speeds (600-1,200 rpm). Across the industry, the trend is toward higher driver speeds to
keep pace with increasing compressor speeds (CAGI, 2012, p. 519).

Legacy internal combustion, slow speed gas engines have significantly less sophisticated
controls and lower fuel efficiencies than state-of-the-art engines (INGAA, 20104, p. 34).

Gas turbines use hot exhaust gases produced from the discharge of a gas generator to
drive a power turbine. Two types of turbines are used: 1. aeroderivative engines, based on
gas turbines developed for the aviation industry, and 2. industrial turbines, which are
designed specifically for industrial use. Aviation industry developments have contributed
to performance improvements in both types of turbines (INGAA, 2010a, p. 34).

Gas turbines have limited application in the process and oil and gas industry as prime
movers. The gas turbine is relatively new compared to the gas engine, steam turbine or
electric motor (see Section 1-C-ii). However, there are some applications where gas
turbines (typically driving reciprocating compressors) are more common. One application
is offshore compression, where weight is a concern. Another application is refineries or
process plants, where turbine exhaust heat can be utilized to improve overall plant
efficiency (CAGI, 2012, p. 527). Smaller plants (<10,000 hp) will typically choose a gas
engine over gas turbines, unless the waste heat can be utilized (see also discussion of waste
heat recovery in Section 2-A-iv). Gas engines have inherently better efficiency compared to
smaller gas turbines (CAGI, 2012, p. 435). Efficiency trade-offs will be discussed further in
Section 2-A.

Electric motors are more reliable and more efficient as stand-alone pieces of equipment
than either gas engines or gas turbines. They are able to ramp up more rapidly than gas-
driven prime movers. They also have an advantage where air quality regulations are an
issue because they do not emit nitrogen oxides and CO2 at the point of use. There are a
number of competing factors, however, that affect the suitability of electric motors over
gas-based technology. One is the requirement for variable speed, while the other is the
availability and proximity of a suitable electric power supply or substation. Reliability of
the grid is also a concern, particularly in remote locations (INGAA, 2010a, pp. 34-35).
While natural gas drivers are the primary technology for oil and gas field operations,
electric motors are increasingly being used due to environmental considerations (CAGI,
2012, p. 520).

There are three types of electric motors: induction, synchronous and DC. Each is described
briefly below.
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Induction is the most common type of electric motor. Induction motors generally have
good efficiency and excellent starting torque, but rather high inrush current* requirements.
Induction motor efficiencies lie in the high 80% to low 90% range, depending on power.
Smaller power induction motors are generally less efficient (CAGI, 2012, p. 522).

Synchronous motors are the most common type of driver used for high-power
applications, e.g., above 700 hp for speeds greater than about 450 rpm, or above 200 hp for
lower speeds. These motors are typically more efficient than induction motors, with
efficiencies in the range of 93%-97%. Synchronous motors must be carefully analyzed
because of their lower torque characteristics, however (CAGI, 2012, pp. 521-522).

The use of DC motors as oil field compressor drivers has increased in popularity in recent
years. The reasons for this increase are threefold: 1. Availability of DC traction motors, 2.
Variable-speed capability of DC motors to control compressor capacity, and 3. Economic
considerations of motor drive versus engine drive. However, when utilizing DC motors in a
hazardous atmosphere, it is necessary to provide a continuous positive air pressure in the
motor enclosure to assure that no gas can get into the motor and be ignited. Offshore oil
field compressors are using more DC motor drivers because of the added speed flexibility,
lower initial cost, and projected lower maintenance costs (CAGI, 2012, p. 523). However, it
appears that these are not used much in gas compression applications.

The improvement in electronics control has greatly increased the potential for motors to be
utilized as compressor drivers, especially in oil field applications. This has happened
because of technological advances in motor controls. It is now economical to buy induction
motors or synchronous motors with variable-speed controls to adjust the compressor
operating speed. DC motors, having inherent variable-speed capability, already provide the
needed variable speed with little further equipment needed. Variable speed to control
compressor performance is a very desirable characteristic of a compressor prime mover
(CAGI, 2012, p. 524).

Other types of drivers include steam turbines, hydraulic turbines, and diesel or gasoline
engines. All of these technologies are rarely used in the oil and gas industry. About these
technologies, CAGI (2012, pp. 524-528) says:

e Steam turbines are typically used to drive positive-displacement compressors
where steam is available as a power source. However, it is generally not economical
to use steam unless it is already available as part of a process, e.g., in refineries or
natural gas processing plants.

e A hydraulic turbine is like a centrifugal pump operating in reverse. This type of
turbine is found in specialty situations where plentiful high-pressure liquid already
exists, e.g., in a refinery or processing plant (as in the situation for steam turbines).
“By decreasing the liquid pressure across the turbine, the pressure of the liquid is

4 Inrush current is the instantaneous current drawn by the motor when first turned on.
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reduced to a desirable level and power is recovered. When high-pressure liquid is
available, this type of driver offers essentially free energy” (CAGI, 2012, p. 528).

e Diesel engines are used infrequently in the oil and gas industry, but there are some
applications where they are economical, such as “air drilling compressors, kick-off
compressors (used to start an oil field gas lift), fire floods, or standby compressors”
(CAGI, 2012, p. 525). Also, there are dual-fuel configurations that allow the operator
to select the most economical fuel (diesel or natural gas).

e (Gasoline engines are also used rarely because of high fuel costs. They are primarily
used with standby compressors. Operating and application characteristics of
gasoline engines resemble those of natural gas and diesel engines.

c. Pairing of prime movers with compressors

Compressor selection usually dictates the choice of the prime mover. Gas engines are
generally limited to driving reciprocating compressors, while gas turbines generally drive
centrifugal compressors. Electric motors, on the other hand, may be used with either
compressor technology, and pipeline companies have begun using electric motors to power
centrifugal compressors on a more widespread basis than reciprocating compressors
(INGAA, 20104, p. 35).

d. Preferred technologies by application

Gathering systems typically need one or more field compressors (AGA, 2015a).
Compressors are used to provide suction to lift gas from underground reservoirs, with inlet
pressures ranging from 25 to 65 psi and discharge pressures from 800 to 1,200 psi.
Compression is also used to reinject gas into reservoirs to maintain pressure, with
discharge pressures from 3,000 to 4,000 psi (CAGI, 2012, pp. 421-423). CAGI estimates
that gas-gathering applications account for the majority of installed reciprocating
compressor capacity in the oil and gas industry; however, some centrifugal technology is
used in low-pressure applications. Gas compression for lift service is typically utilized
where electricity is not practical or economical, and gas is readily available (CAGI, 2012, p.
422). 0il and gas field applications require compressor systems that are compact and can
be easily moved from one location to another. The normal drivers for these compressors
are coupled gas engines or electric motors. These units are called “separables” (CAGI, 2012,
pp. 447).

Pipeline evacuation involves the transfer of gas from a static section of pipeline to an
active section of pipeline. This is accomplished by reciprocating compressors that can
handle wide variation in suction pressures while compressing against a constant discharge
pressure. Packaged compressor systems specifically designed for this application feature
multiple compression stages that can maintain high driver loading throughout a wide range
of compression ratios. Most such units are driven by gas engines. Typical conditions are
intake pressures ranging from 850 psi initially, down to a final pressure of 50 psi, and a
constant discharge pressure of 850 psi (CAGI, 2012, p. 424).
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For gas storage, the compressor must not only be able to handle filling the reservoir but
also the return of the gas. This dual service requires operating pressure flexibility and is
provided best by the reciprocating compressor. Typical pressure conditions are suction
from 35 to 600 psi during injection, 300 to 800 psi during withdrawal, and discharge from
600 to 4,000 psi during the injection phase and 700 to 1,000 psi as the gas is withdrawn
from the reservoir and fed to the transmission line (CAGI, 2012, p. 425).

Reciprocating compressors are also often used to increase the pressure of the gas used as
fuel for operating engines or turbines, known as fuel gas boosting. Suction pressures
range from 10 psi (e.g., landfill gathering systems) to 50 psi (refinery or utility distribution
headers), and discharge pressures range from 40 psi (engines) to 400 psi (turbines) (CAGI,
2012, pp. 427-428).

Compressor requirements for gas processing plants vary widely depending on the type
and size of the plant (100-1,000 MMscf/day) and the composition of the gas stream.
Performance flexibility and plant energy balance are much more important than first cost
when determining the type of compression to be used. Larger plants tend to use centrifugal
compressors with turbines, either gas or steam, as drivers. Large-capacity and relatively
stable gas conditions make the choice of centrifugal compressors practical on the basis of
efficiency and installed cost. Internal combustion engines powered with natural gas
typically used as prime movers, though environmental (mainly air quality) concerns are
causing electric motors to become more prevalent (CAGI, 2012, pp. 433-434).

e. Apportionment of compression systems

In terms of prime mover technology, the natural gas industry operated over 6,000 gas
engines, 1,000 gas combustion turbines, and 200 electric motors in 2010 (INGAA, 2010a, p.
42), though Hedman (2008) notes that electric motor populations may be growing quickly.
The average capacity of a gas engine is 1,700 hp, while gas turbines tend to be much larger
(6,600 hp on average) (Hedman, 2008), with electric motors being even larger (average of
7,800 hp) (Boss, 2015). Large (>15,000 hp) gas turbines account for >25% of total gas
turbine capacity, even though they constitute <9% of total units. Based on data in Hedman
(2008), gas engines represent about 60% of total prime mover capacity (expressed in hp),
with the balance supplied overwhelmingly by gas turbines. ICF (2009) contains historical
compressor additions back to 1999 and projected additions through 2030, and indicates
that between 2010 and 2013, capacity grew by ~1.8 million hp (Mhp). Putting these data
together, it is estimated that total compressor capacity in 2013 was 20.2 Mhp.5

The actual number of compressor stations is far fewer than the number of compressor
units, because multiple units typically are grouped at a single compressor station (INGAA,
2010a, p. 42). There are more than 1,400 compressor stations that maintain pressure on

5 Average capacity of electric motors was unknown but estimated to be similar to gas turbines. The 2009
reference capacity was calculated as (6,000 engines x 1,700 hp) + (1,000 turbines x 6,600 hp) + (200 motors x
7,800 hp) = 18.4 Mhp, based on INGAA (2010a, p. 42). Additions between 2010-2013 (ICF, 2009) bring the
total estimate to 20.2 Mhp.
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the natural gas pipeline network and assure continuous forward movement of supplies
(EIA, 2007). About 2.4% of compressor units are electric-drive, but these constitute ~5% of
total compressor horsepower (Boss, 2015). Multiple compressors are increasingly common
at larger compressor capacities (e.g., >1,000 hp) (FERC, 2014). Figure 10 reproduces the
EIA map of compressor station locations (EIA, 2008f).

Legend

= Interstate Pipeline
= Intrastate Pipeline
m = Compressor Station

Figure 10. Natural gas compressor station locations
Source: EIA (2008f)

Based on data from 2004 (Hedman, 2008) and 2010 (INGAA, 2010a), much of the gas
engine capacity is quite old, with ~45% having been in service for more than 50 years, an
additional ~15% installed before 1970, ~20% installed between 1970 and 1990, and the
remaining ~20% installed since 1990.6 Information on the distributions of gas turbines
and electric motors was not available, but they are both newer additions to the TS&D
system (see Section 1-C-ii).

iii. Storage and LNG

There are more than 400 underground storage facilities for natural gas (EIA, 2010). Total
working gas storage capacity has increased from ~4,200 Bscfin 2008 to ~4,750 Bscf in
2013 (EIA, 2015b). Gas in storage undergoes strong seasonal and, to a lesser extent,

6 Values in text have been adjusted to reflect a ~10% growth in gas engine capacity between 2004 and 2010
(INGAA, 20104, p. 42).
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interannual variability; see Figure 11.7 In recent years, the low point typically occurs in
winter at around 1,500 Bscf, but in March 2014, it dipped to 822 Bscf (EIA, 2014d).
However, a high level of storage injection brought supplies back to reasonable levels
(~2,700 Bscf as of August 29, 2014) (EIA, 2014d).
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Figure 11. WeeKkly storage capacity in lower 48 states, December 1994-August 2014
Source: EIA (2014d) data analyzed by the author

A map of storage facilities as of 2010 is provided by EIA and reproduced in Figure 12 (EIA,
2010).

7 EIA has data extending back to 1949, providing a useful picture of interannual supply variation (EIA, 2011).
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Figure 12. Underground natural gas storage facilities as of 2010

Source: EIA (2010)

There are 12 LNG regasification terminals as of August 15, 2014 (FERC, 2015a) and over

100 LNG peaking facilities (used to supplement stored natural gas during high demand
periods) (EIA, 2008g); see Figure 13. A number of new LNG facilities are planned; see
Section 1-C-i for a discussion.
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Figure 13. LNG facilities for import and peaking
Source: EIA (2008g). Note that four additional LNG import terminals have been added since
publication of this map (see text and FERC, 2015a).

In addition to the dedicated storage facilities described above, natural gas companies
routinely raise and lower the pressure in pipeline segments to achieve short-term gas
storage during periods when there is less demand at the end of the pipeline. This technique
is called “line packing” and may allow pipeline operators to meet higher demand for short
durations (AGA, 2015a).8 Sometimes this involves raising the capacity of a line above its
rated capacity, but pressure remains within safety limits (EIA, 2007).

C. Historical and potential future trends
i.  Natural gas supply and demand

Demand for natural gas has increased steadily over time, but went through a period of
dramatic growth from the mid-1930s to late 1960s, growing from 1,500 Bscf/yr in 1933 to
20,000 Bscf/yr in 1969, and has remained roughly at this level through the mid-2000s

(EIA, 2001; EIA, 2014e). See Figure 14. Subsequently, demand began to grow again with the
development of horizontal drilling and hydraulic fracturing technologies that have enabled

8 “Line pack” is the inventory of gas in a pressurized section of a pipeline network (NWGA, 2012). It is the
volume of gas that must be maintained within the line at all times in order to maintain pressure and insure an
uninterrupted flow of transportation of natural gas through the pipeline. Line packing is not a substitute for
traditional underground gas storage facilities and pipeline operations.
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the U.S. to economically extract hydrocarbon resources from unconventional shale gas
reservoirs. Total domestic natural gas production was about 23,000 Bscf/yr (63 Bscf/day)
in 2011 (EIA, 2011), and reached a record high of 77 Bscf/day in November 2014, in step
with growing demand (EIA, 2015a). Under INGAA auspices, ICF (2014) published a
projected expansion of U.S. natural gas production of 40 Bscf/day between 2014 and 2035
(and 3.0 Bscf/day from Canada).? Most of this U.S. expansion (23 Bscf/day) is expected by
2020. Total consumption for natural gas (including exports of 5 Bscf/day to Mexico and 9
Bscf/day as LNG) is projected to grow to 120 Bscf/day by 2035.
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Figure 14. Historical natural gas consumption in the U.S.
Sources: EIA (2001) and EIA (2014e) data analyzed by the author

As stated earlier in Section 1-A, most natural gas is produced within the U.S., with about
15% imported from Canada, and about 5% is exported. However, the rise in shale gas is
causing large changes in the natural gas industry: not just growth in demand, but also
dramatic shifts in how pipelines are utilized. Some existing natural gas transmission
pipelines are reversing flow, while new pipelines are being rerouted to accommodate gas
supplies on newly-constructed pipelines, as shale gas supplies are often not located in
North America’s most prolific supply basins. The increasing competition between natural
gas supply basins and demand regions is changing the direction of natural gas flows on
pipeline infrastructure across the country. According to NARUC, “the rapid growth of shale
gas production redraws the map for pipeline flows across North America” (Honorable,
2012).

Increasing shale gas production, and in turn comparatively low U.S. natural gas prices, has
led to interest in exporting LNG. As of February 5, 2015, five U.S. export facilities have been
approved and are under construction, with total capacity of 9.2 Bscf/day (FERC, 2015b). An

9 In addition, ICF (2014) projects 3.1 Bscf/day of natural gas liquids capacity will be added in the U.S. between
2014 and 2035, and 0.5 Bscf/day in Canada, roughly doubling current production.
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additional 14 U.S. sites have been proposed to FERC (FERC, 2015c) and there are 13 more
potential sites identified by project sponsors (FERC, 2015d). However, ICF (2014) projects
that LNG export capacity will expand by only 9.3 Bscf/day by 2035, with a low-growth case
projecting only 4.0 Bscf/day.

DOE is in the midst of changing its framing of the approval process for LNG export
terminals (DOE, 2014; Rosner, 2014). While no site currently under consideration has a
capacity larger than 3.2 Bscf/day, the DOE is currently assessing how the construction of
larger LNG export facilities (between 12 and 20 Bscf/day) would affect the public interest
(DOE, 2014). It also released a life-cycle assessment of the GHG impacts of exporting LNG to
other countries to displace coal for electricity generation, concluding that while LNG has
lower life-cycle GHG emissions than coal, the details of the results depend on assumptions
(NETL, 2014).

ii. Compressor systems

Note: Information on compressor systems (compressors plus prime movers) was mainly
limited to one data source: INGAA (2010a). Additional sources of data, including details on
compressor system age, capacity, manufacturer, efficiency, technology type, etc. would be
extremely useful.

The current network includes 30- to 50-year-old “legacy” compressor engines that are
“relatively large, robust, and slow speed (300 rpm) machines designed to operate
continuously for years without a shutdown” (INGAA, 201043, p. 12). The use of these older
compressors has declined with increases in steel and construction costs. After World War
[I, the system expanded substantially due to advances in metallurgy, steel pipe, welding
techniques and compressor technology (INGAA, 2010a, pp. 12-13).

In the 1950s, the main compressor technology was a slow-speed “integral” reciprocating
compressor where a single design encompassed compressor and gas engine, producing
smaller, more compact systems with lower installation costs. Centrifugal compressors
driven by gas turbines began to dominate the market in the 1960s and 1970s, because they
cost less to install and maintain than integral reciprocating compressors. Pipeline
companies could also purchase large centrifugal units at significant cost savings compared
to purchasing multiple smaller (reciprocating) compressor units (INGAA, 201043, pp. 13-
15).

Electric motors began to be used with larger, reciprocating compressors in the 1990s.
Although technology enabling high power, high voltage, variable speed systems became
available in the 1980s, synchronous and induction motor technology and variable-
frequency drive systems did not emerge until the late 1990s (INGAA, 20104, p. 16).
However, the majority of engine technology is still gas-driven (see Section 1-B-ii-e).

Reciprocating compressors reemerged in the 1990s for low-flow applications with the

development of high-speed systems that became available at lower cost. High-speed
internal combustion gas engines were developed to match these compressors and offered
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higher thermal efficiencies and thus lower fuel usage than older, low-speed systems
(INGAA, 20104, p. 16).

New technology has not come without a cost. Vibration and pulsation problems cause a
number of maintenance issues. Researchers at SWRI have been developing solutions to
these problems, such as a tapered cylinder nozzle to reduce vibration and boost efficiency,
and a semi-active electromagnetic plate valve to extend valve life roughly 10-fold. As
compressor valves are the single largest maintenance cost item for reciprocating
compressors, this improvement appears to be a significant advance (Deffenbaugh et al.,
2005). Since 2005, SWRI won an R&D Magazine “R&D100” award for this technology
(SWRI, 2007) and a patent was filed in 2010 (US Patent Office, 2010).

As of 2013, total compressor capacity (of all types) was ~20 Mhp (see Section 1-B-ii-e) and
near-term planned expansion totaled 450,000 hp (Smith, 2013a). ICF’s (2014) projected
compressor capacity expansion between 2014 and 2035 estimated an additional 12.8 Mhp
would be required,1% with 66% of this capacity attributed to natural gas gathering, and the
remainder to transmission pipelines. Total compressor capacity is therefore likely to grow
to ~29-33 Mhp by 2035. In addition, 661,000 hp of compression would be needed to
transport natural gas liquids (ICF, 2014).

iii. Pipelines
The natural gas network consists of ~2.5 million miles of pipeline, of which 320,000 miles
are large diameter, high-pressure gathering and transmission pipelines, while the
remainder (~87%) are distribution pipelines. About 142,000 miles of the current
transmission network were installed in the 1950s and 1960s, as natural gas demand
exploded following World War II. A large portion of the 2.15 million miles of local
distribution pipelines was also installed in the same period. However, the greatest growth
in the local distribution network occurred in the 1990s during a period of low prices,
where more than 225,000 miles of new distribution pipelines were installed to provide
natural gas to many new residential and commercial facilities (DOT, 2014a, 2014b; EIA,
2014a, 2014f).

a. Gathering systems

Almost no information was available about pipelines for natural gas gathering, other than
total mileage: ~11,000 miles onshore and ~6,000 miles offshore (DOT, 2014a). DOT (2012)
provides an age distribution for natural gas transmission and gathering pipelines
combined, which is almost identical to data provided by Kiefner and Rosenfeld (2012) (see
Section 1-C-iii-b). From this data, it appears that the distribution of natural gas gathering
pipeline ages is similar to that of the natural gas transmission network.

10 [CF (2014) also explored a low demand case with only 8.9 Mhp of compressor expansion by 2035. The
older ICF (2009) study made even lower projections, estimating an expansion of between 2.5 and 6.5 Mhp
through 2030 (after subtracting estimated Canadian additions of 0.8-1.3 Mhp).
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ICF (2014) projects that an additional 303,000 miles of gathering lines will be needed
between 2014 and 2035, greatly expanding current capacity. The average diameter of these
new lines is 3.6 inches. 11

b. Transmission pipelines

As noted previously, the oldest long-distance pipeline in the U.S. was completed in 1929
(INGAA, 20104, p. 13), marking the genesis of the modern natural gas network. Since the
1950s, the general practice has been to build pipelines using the combination of pipeline
diameter and compression to transport gas for the lowest delivered cost, but not
necessarily at the highest efficiency (INGAA, 2010a, p. 13).

“Beginning in the 1960s, improved metallurgy and manufacturing practices permitted the
construction of larger diameter pipeline with higher strength steel to transport natural gas
longer distances at higher operating pressures with less compression and at lower costs.
Pipeline companies also began experimenting with new, higher cost, internal coating
technology that reduced friction” (INGAA, 2010a, p. 14); this is discussed in more detail in
Section 2-B-iii.

Accompanying the growth in natural gas demand has been the construction since 1996 of
more than 34,000 miles of new natural gas transmission pipeline, representing more than
200 Bscf/day of capacity (EIA, 2014g)—about three times the total current demand of ~73
Bscf/day; see Section 1-A. Most growth supported access to new supply sources such as
imports from Canada, expanding production from new shale gas fields, and increased
demand from new natural-gas-fired electric power plants. Most trunk expansions were on
the order of 1 Bscf/day, though there were some significantly larger local expansions,
including Canadian gas pipelines (2.6 Bscf/day), the Gulf offshore region (~5 Bscf/day),
projects in the Powder River, Green River, Piceance, and Unitah basins of Wyoming,
Colorado, and Utah to access coal-bed methane and tight-sands natural gas production
(more than 14 Bscf/day), and new intrastate headers and laterals (6 Bscf/day) (EIA,
2008h). More recent major pipeline projects on the horizon (2015 onward) amount to 81
Bscf/day and 9,145 miles (EIA, 2014g).

ICF (2014) projects that new transmission pipeline requirements will amount to 18,600
miles between 2014 and 2035. An additional 17,100 miles of “laterals to/from power
plants, storage field and processing plants” is projected, as well as 15,100 miles of
transmission for natural gas liquids.

Diameters of long-distance transmission pipelines have increased steadily over the years,
with maximum diameters of 24 inches in the oldest pipelines and up to 48 inches since
2000 (INGAA, 20104, p. 19). As noted in Section 1-B-a, as of 2008, only 27% of interstate
pipelines had diameters of 16 inches or less. The increase in pipe diameter has been

11ICF (2014) reports 1,095,000 inch-miles and 303,100 miles of gathering lines; the quotient gives average
diameter. Similar calculations were used for calculating average diameter of mainlines, laterals and natural
gas liquids transmission (see Section 1-C-iii-b).
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accompanied by increases in maximum allowable operating pressures (MAOP) from 720
psi in pre-1950 pipelines to more than a doubling to 1,750 psi today. This has been
achieved through the development of high strength steels, enabling pipelines to be built
and operated at higher pressures economically. As shown in Table 1 reproduced from
INGAA (20104, p. 19), available pipeline steel specified maximum yield strengths (SMYS)
have increased from 42,000 psi before 1940 to 100,000 psi in 2010. Advances in steel
strength continue to this day. Also, improved quality control in manufacturing,
transportation, installation and testing of new pipe has allowed the operating pressure of
some new pipe installations to increase from 72% to 80% of its SMYS (INGAA, 2010a, p.
18).

Table 1. Trends in pipeline technology over time

Available
Pipeline Available
Available Steel Yield Maximum Available
Decade of Maximum | Available Maximum Strength Stress Levels | Internal Piggable
Construction | Diameter Operating Pressure (psi) (% of SMYS) | Coating Pipelines
<1940 24" T20 psig 42,000 T2% No No
40-49 28" 720 psig 46,000 T2% No No
50-59 3o~ 860 psig 52,000 T2% No No
60-69 3s” B60 psig 60,000 T2% No No
70-79 | Ja” 1020 psig | 65000 | T2% | No | No
B0-89 42" 1440 psig 70,000 T2% Yes Yes
90-99 | 42" 1440 psig | BoOOD | T2% | Yes | Yes
no-09 48" 1600 psig 100,000 T2% Yes Yes
Present 48" 1750 psig 100,000 B0%, 72% Yes Yes

Source: INGAA (20104, p. 19)

Based on author calculations of data from (ICF, 2014), projected expansion between 2014
and 2035 indicates an average pipe diameter for new transmission lines of 30.5 inches, and
16.3 inches for laterals.

BPC (2014) reports on materials comprising transmission pipelines. About 97% of pipeline
miles consists of cathodically protected, coated steel, 12 with other steels (cathodically
unprotected, uncoated or both) comprising ~2.5%. The remaining portion (~0.4%) is
mainly plastic.

Pipeline ages were reported by an INGAA Foundation-sponsored report (Kiefner and
Rosenfeld, 2012) based on DOT data provided in 2009. Approximately 60% of pipeline

12 According to BPC (2014), “Proper coating on the exterior of steel pipelines inhibits the reaction of the metal
with its environment, and cathodic protection imparts a direct current to the pipeline to further prevent the
corrosion process.” Surface coating typically uses fusion-bond epoxy; older systems used coal tar epoxy. A
direct current can be achieved through the use of a sacrificial material such as magnesium, which has a
different electrochemical potential than steel, as well as through an applied external voltage (INGAA, 2010b).
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miles are at least 45 years old, with almost 50% built between 1950 and 1969. See Figure
15 for more details.
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Figure 15. Age of U.S. natural gas transmission pipeline by decade
Source: Kiefner and Rosenfeld (2012)

c. Distribution systems

Distribution pipelines are constructed from a variety of materials, including various types
of steel, cast iron, plastic (mainly polyethylene), and copper, though plastic has become the
material of choice over the past 30 years (DOT, 2011; AGA, 2015b; BGA, 2014; BPC, 2014),
comprising 52-54% of the ~1.25 million miles of distribution mains pipelines (BGA, 2014;
BPC, 2014).13 Advantages of plastic pipe include flexibility, corrosion resistance, and low
installation cost—particularly because it can often be inserted into existing lines or
through soil without the trenching that is often required for other materials (AGA, 2015b).
Protected coated steel is the second most common material, comprising nearly 40% of
distribution pipeline miles. The remaining ~9% consists of cast or wrought iron (~3%),14
bare steel (~5%) and unprotected coated steel (~1%) (BGA, 2014; BPC, 2014). According
to BGA (2014), this latter ~9% constitutes the most leak-prone portion of the distribution
network, while BPC (2014) puts this number at closer to 7%. Although the portion of leak-
prone miles fell 43% between 1990 and 2011, these materials are estimated to be 18 times
more leak-prone than plastic and 57% more leak-prone than treated steel (BGA, 2014).

13 BPC (2014) also estimated that distribution service lines consist of 68.7% plastic, 21.5% cathodically
protected, coated steel, 3.4% bare steel, 2.4% unprotected, coated steel, 1.4% copper and 2.4% other.
14 The iron pipe was built more than 50 years ago (DOT, 2012; BGA, 2014).
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The age profile of distribution system is given by decade from DOT (2012) in Figure 16.
Compared to transmission pipeline ages, the ages of distribution pipelines are much
younger, with nearly 70% less than 45 years old.
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Figure 16. Age of U.S. natural gas distribution pipeline by decade
Source: DOT (2012)

iv.  Storage and processing facilities

Little data were available on natural gas storage and processing facilities. ICF (2014)
projected expansion of working gas storage by 823 Bscf between 2014 and 2035 (current
capacity is ~4,800 Bscf; see Section 1-B-iii).

ICF (2014) also projected increases in natural gas processing facility capacity of 34.2
Bscf/day between 2014 and 2035, nearly as large as projected growth in production (~40
Bscf/day).

2. Technical efficiency opportunities

A. Compressor systems

As partly covered in Section 1-B-ii, compressor systems vary in efficiency depending on
choice of compressor and prime mover technology, power, speed, compression ratio and
load factor. Moreover, the most efficient compressor is often not the most economical
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choice from the perspective of the pipeline company. Costs and cost trade-offs are
discussed in Section 2-C.

i. Compressors

According to INGAA (201043, pp. B-2 to B-5), the efficiencies of modern centrifugal and
reciprocating compressors are similar (between approximately 75% and 90%), though
small (20 MW) centrifugal and high-speed reciprocating compressors tend to be at the
less efficient end of this range, with larger centrifugal and lower-speed reciprocating
compressors at the high end. Centrifugal compressor efficiencies also vary more strongly
with compression ratio than reciprocating compressors, becoming much less efficient
(<65%) at compression ratios of 1.3 or less. Note that these values assume constant gas
flow rates; the efficiency of reciprocating compressors will suffer more than centrifugal
ones when flow rates are changing. What is perhaps surprising is that older (“legacy”) low-
speed reciprocating compressors generally have higher efficiencies (between
approximately 80% and 95%) than today’s systems, but they have less flow rate flexibility
(ability to maintain high efficiency while accommodating a wide range of flow rates) and
are far more expensive, so these are no longer commercially available as new systems.

Figure 17 reproduces a chart from INGAA (20104, p. B-2) showing a comparison of
compressor efficiencies by type and compression ratio.

Compressor Efficiency vs. Compression Ratio Comparison
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Figure 17. Compressor efficiency versus compression ratio for different compressor
technologies
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Source: INGAA (2010a, p. B-2)

INGAA also provides a table detailing a wide variety of compressor-prime mover
combinations and characteristics, with efficiency estimates of each component as well as
overall system efficiency under design conditions; this is reproduced in Table 2 (INGAA,
20104, p. B-5).
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Table 2. Comparison of compressor technology efficiencies

electrical grid
(3600 RPM)

. Prime Mover Compressor Unit
Prime Mover . Compressor L .
Technolo Efficiency Tyoe Efficiency Efficiency Advantages Issues
8y (percent) P (percent) (percent)
Reciprocating Compressors
Legacy slow speed Integral Waste heat recovery not economic
IC engine (200-400 27-30 _g . 80-92 Less efficient and higher maintenance
reciprocating )
RPM) cost than legacy slow speed engines
Legacy slow speed - Compact units Waste heat recovery not economic;
+low emissions 3335 Integral 80-92 heat dispersed between exhaust gases
retrofit (200-400 reciprocating and cooling
RPM) No longer manufactured
New slow speed IC Slow speed - Multi-engine compressor Larger compressor cylinder design
engine (200-400 30-43 separable 80-92 station responds to (and more costly) required for similar
RPM) reciprocating demand variability more throughput to high speed machine
efficiently Higher initial unit cost than turbine
Medium speed Medium speed - Higher partial load units
engine (500-900 32-46 separable 75-90 efficiencies than turbines Waste heat recovery not economic
RPM) reciprocating — More responsive to varying Higher maintenance cost than legacy
pressure ratios than slow speed engines
centrifugal compressors
- Slow speed unit are
established infrastructure e
High speed recip Separable high base with legacy of I;s::s:r;:;ttliilgczrs\tgit::n slow speed
32-43 speed 70-82 jabili
(900-1200 RPM) P . . reliability Losses in valves and pulsation bottles
reciprocating - May be skid mounted for are high
lower installed cost
- Can be variable speed to
maintain flexibility
. No on-site emissions, .
Synchronous_ Slow speed simplifies permits Reqt_nres acces_s to pf)wer
speed electric 25-46* separable 80-92 Torsional considerations
motor (360 RPM) reciprocating Speed fixed at 360 RPM (60 Hz)
Centrifugal Compressors
Legacy - only available technology
Legacy gas turbine 22-27 centrifugal 71-80 at time for large power No longer manufactured
(1950-1980)
Turbine 2431 Centrifugal 7588 - Lower initial cost than
(<5 MW) reciprocating compressors
Turbine 27.36 Centrifugal 75.88 _ Waste Heat concentrated Heat'recoveryfor electric generation
(5-20 MW) . requires 11+ MW
in exhaust gasses; CHP . . -
licati fath | Lower partial load driver efficiency
Large Turbine . applications if a therma Lower offload compressor efficiency
(>20 MW) 29-40 Centrifugal 80-88 host is nearby
- Electricity may provide Requires large turbine (11+ MW)
revenue stream Requires high load factor
Large Turbine _ Demand for “green” power Requires close grid access
with waste heat . _ Organic Rankine Cycle is P055|'b|e revenue pass-through
recovery (ORC) for 33-47 Centrifugal 80-88 . . requirements
X more compact with no fluid s .
electric power i Capital investment requires long-term
generation condensation contract with utility
Regulatory and permit complications.
ORC is less efficient than a steam cycle
Large Turbine with - Electricity may provide Issues Iiste_d above for ORC system
waste heat revenue stream Freeze-up in cold weather
recovery (steam- 34-55 Centrifugal 80-88 - Demand for “green” power Require 24/7 steam operator
based) for electric _ Increases efficiency Capital mvgstm@t requires long-term
power generation contract with utility
- No on-site emissions, Requires access to power
simplifies permits Cost associated with interconnection
- Low capital cost and transfo.rmer o
Large Electric - Low maintenance for Power pravider may have minimum
motor driven off demand charge
25-46* Centrifugal 80-88 motor Supply reliability

Generation of electricity at power
plant may produce high emissions
Transmission of power also involves
high losses especially if distances are
great

*Heavily depends on source power generation losses. Electric motor site efficiency can reach 90 to 95 percent efficiency.

Source: INGAA (2010a, p. B-5)
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According to CAGI (2012, p. 478), energy losses from valves (see Section 1-C-ii) in high-
speed (21000 rpm) compressors can be as much as 20%, suggesting that improvements in
valve performance may have a significant impact on efficiency. As mentioned in Section 1-
C-ii, SWRI researchers successfully demonstrated a proof-of-concept approach to reducing
energy losses arising from vibration and pulsation in high-speed reciprocating
compressors by about 6% (Deffenbaugh at all, 2005). The same authors claimed that
overall compressor efficiencies of 90% can now be achieved, and expressed optimism for
increasing the efficiency of slow-speed compressors to as much as 95%.

For reciprocating compressors, compressor cylinder can be replaced with improved
designs that are rated for higher pressures or designed to accommodate changes in load.
The pulsation control system can also be modified to increase efficiency. Both of these are
retrofit opportunities that do not require replacing the compressor (INGAA, 2010a, p. 41).

ii. Prime movers

Laurenzi and Jersey (2013, pp. 26-27) analyzed heat rates of gas prime movers
manufactured by Caterpillar, reporting mean heat rates and standard deviations of both
gas engines and turbines. See Table 3. The range of capacities spanned by this data is very
large: 95 to 8,180 hp15 (Caterpillar, 2014). Laurenzi and Jersey (2013) also examined data
from Siemens, reporting that efficiencies were similar in both mean value and variation.

Table 3. Heat rates of Caterpillar gas engines and turbines

Mean Standard deviation
Mean heat | Standard efficiency of efficiency
Technology rate deviation | (calculated) (calculated)
Btu/hp-hr (HHV) % (HHV)
Gas engines 6,825 38.7 37.28 0.21
Gas turbines 8,772 797 29.01 2.65

Source: Laurenzi and Jersey (2013)

Dividing the standard deviation by the mean efficiency gives one estimate of the efficiency
improvement potential for gas prime movers, resulting in 0.6% for gas engine technology,
and 9.1% for gas turbine technology. However, these estimates may be overly conservative,
as INGAA (20104, p. 19) claimed enormous improvement in recent years among large
(>20,000 hp) gas turbines, from 27% to 40% thermal efficiency (9,426 to 6,362 Btu/hp-hr).
Smaller turbines have seen similar efficiency improvements, but operate slightly less
efficiently (approximately 31% to 38%—see Figure 18) than the largest turbines. Note that
the smaller (<10,000 hp) turbine efficiency data stops in 2000. As stated in Section 1-B-ii-e,
Hedman (2008) reported that large (>15,000 hp) gas turbines account for >25% of total
gas turbine capacity.

15 Some references use the notation “bhp” (brake horsepower) while others simply use “hp” (horsepower).
According to the American Heritage Dictionary (2013), bhp is the “actual or useful horsepower of an engine,
usually determined from the force exerted on a friction brake or dynamometer connected to the drive shaft.”
However, the terms bhp and hp are interchangeable (Bruzek, 2008).
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® Small Turbines

mLarge Turbines

Figure 18. Thermal efficiency of gas turbines over time
Source: INGAA (20104, p. 19). Note: Chart was modified to correct mislabeled legend.
“Small” is defined as <10,000 hp; “large” is >10,000 hp.

Engine controls can be added to increase thermal efficiency in some older gas engines. Also,
a gas engine can be replaced with an electric motor to accommodate a wider throughput
range more efficiently (through speed variation) than other techniques (INGAA, 2010a, p.
41).

Electric motor efficiency is far higher, between ~90% and 97% (CAG]I, 2012, p. 522), with
the upper end corresponding to synchronous motors. However, it is difficult to compare
electric motor efficiency with that of gas-based technology (INGAA, 201043, p. B-5), because
one must consider efficiencies of motor, transmission (6% on average; EIA, 2014h) and
electricity production (for natural gas, this ranges from 40% to 60%; COSPP, 2010) as a
system, and electricity can also be made using non-combustion methods, such as
hydropower, wind or solar. INGAA estimates that system efficiency for electric motors
varies between 25% and 46% (INGAA, 20104, p. B-5). Even if system efficiency is lower
than that of natural gas, electric motors may have lower GHG emissions if the GHG intensity
of the generated electricity is sufficiently low. However, the choice of electric vs. gas may be
increasingly driven by air quality concerns (INGAA, 2010a, p. 24). Electric motors do
appear to be a more efficient choice than gas engines when flow rates vary substantially
(see Section 1-ii-b).

31



iii. Combined systems

For combined systems (prime mover plus compressor), for gas turbine-driven centrifugal
compressors, the overall design efficiency of new systems has increased 50% since ca.
1990, and is now close to 33%. Gas engine-driven reciprocating compressors have
improved as well: since 1995, their overall efficiency has increased from 42%-46% at peak
thermal efficiency (100% load) (INGAA, 2010a, p. 20), representing a ~10% improvement.

Moreover, it is becoming more common to power high horsepower, low speed,
reciprocating compressors (80%-92% efficiency) with either gas engines (30-43%
efficiency) or electric motors (90%-97% efficiency),16 to improve overall compressor
system efficiency (INGAA, 2010a, p. 20).

iv.  Waste heat recovery

INGAA published a pair of reports (Hedman, 2008, 2009) documenting technical and
economic opportunities for waste heat recovery from natural gas TS&D systems. Three
types of heat recovery options were considered:
e Waste heat recovery from prime mover exhaust in compressor systems
e Use of turboexpanders (compressors “run in reverse”) to recover energy during gas
expansion to lower pressure, usually when gas enters the distribution network
¢ Inlet air cooling to increase turbine efficiency in hot weather

The reports found that waste heat recovery from compressor systems is economical under
certain circumstances, but the other two options did not appear to be viable under current
economic conditions.1” The economic opportunity for waste heat recovery is much greater
for gas turbines than gas engines, because of the higher temperature and larger quantity of
heat available in turbine exhaust. However, economically viable opportunities are currently
limited to large systems (215,000 hp) with high annual load factors (>60%). About 90-100
compressor stations in the U.S. were identified as meeting these criteria, representing a
potential of 500-600 MW in generation capacity (Hedman, 2008). This potential represents
~10% of gas compressor turbine capacity and 4%-5% of total gas compressor prime
mover capacity, but a small fraction (~0.2%) of U.S. gas-based power generation (EIA,
2014i).

As of November 2009, eight waste heat recovery projects have been installed on pipeline
gas turbine compressor drivers in the U.S., with seven more in Canada; together these
provide about 75 MW of electric generating capacity. Ten more projects are planned, with
four in the U.S. representing an additional 22.5 MW. All projects are located in states with
an RPS program or other incentive to favor waste heat recovery (Hedman, 2009). These

16 Note caveats about comparing electric and gas efficiencies; see Section 2-A-ii.

17 Turboexpanders have been successfully installed in LNG and gas processing plants, where they are
sometimes economical, but outside of this, only four demonstration plants were built in the 1980s
representing a total of 3.8 MW capacity, but all were deemed uneconomical and eventually shut down.
Turbine inlet air cooling appears to suffer from a net efficiency penalty, and so does not make economic sense
at present (Hedman, 2008).
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programs tend to increase the value of electricity sold by 0.5-1.0 ¢/kWh, which is a
significant increment over the typical wholesale electricity price of 3.5-5.0 ¢/kWh
(Hedman, 2008). All projects have also been installed on gas turbine compressors
(Hedman, 2009).

B. Pipelines
i. Pipe diameter and gas pressure

Viewed in equivalent energy terms and equivalent transport distances, natural gas
pipelines consume an average of 2%-3% of throughput to overcome frictional losses
(INGAA, 20104, p. 1). To improve the hydraulic efficiency of their systems, pipeline
companies use the largest diameter pipelines and highest pressures possible while still
being cost-effective (INGAA, 20104, p. 18). Doubling the pipeline diameter will allow four
times the gas flow with virtually the same operating cost (INGAA, 2010a, p. A-2), while
conversely, doubling the gas flow in a fixed-diameter pipe will quadruple the energy
needed to compress it (INGAA, 20104, p. 28).

While not explicitly stated in the above sources, it appears that the energy required by
compressors scales with the inverse fourth power of pipe diameter for a fixed flow rate.
This conclusion is consistent with standard engineering texts (e.g., Lindeburg, 2011) as
well as equations specific to the natural gas industry (Coelho and Pinho, 2007; Brikic,
2011), some forms of which suggest that the scaling relationship may be even stronger, e.g.,
inverse fifth power of pipe diameter. However, other limiting factors (e.g., economics) must
come into play as pipe diameter increases, so that the maximum diameter used by the
pipeline industry today (48 inches) presumably represents an economic balance point.
Nonetheless, it may be worth exploring whether significant increases in energy cost (e.g.,
through a price on carbon) could push the industry to adopt larger pipe diameters than
those used in current practice in order to reduce compressor fuel usage. This may
particularly be the case for smaller-diameter pipelines. This point will be reiterated in
Section 3.

As discussed in Section 1-C-iii, significant improvements have been possible through
advancements in materials and compressor technology. New trunk pipelines are typically
built with a larger diameter pipe than will be needed initially, but with compression
capacity limited to meeting current needs, as compressors can be added later (either at
new or existing stations) to increase capacity as demand increases (EIA 2007).

Increasing the MAOP increases gas throughput and reduces compressor fuel consumption,

increasing efficiency. The Department of Transportation’s Pipeline and Hazardous
Materials Safety Administration determines the MAOP of pipelines (INGAA, 2010a, p. 39).
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ii.  Pipe inspection and cleanliness

In the 1980s, companies expanded the use of advanced pipeline maintenance and inline
inspection (ILI) technologies to clean and inspect the pipeline wall (“pigging”),!8 further
reducing friction (INGAA, 2010a, pp. 14-19). Recently, there has also been an effort to
“digitize” the pipeline network, providing real-time information on gas flows, leaks, and
hazards through various types of sensors (including those mounted on wheeled or
airborne robotic platforms), data analytics, visualization and advanced simulation
(Accenture, 2014a). On September 8, 2014 GE and Accenture jointly announced their
“industrial internet” solution for better pipeline management, to be implemented within
the Marcellus and Utica shale gas production regions (Accenture, 2014b). The emphasis of
these efforts is on increasing reliability and safety, reducing operational costs, and
prevention of and/or rapid recovery from failures. A gain in efficiency from better system
operation, or having a smoother interior surface is a side-benefit (Roberts, 2009a).

For cleaning, both mechanical (dry) scrubbing as well as a variety of liquid (surfactant,
acid, gel) methods can be used. A combination of mechanical and liquid cleaning is
generally considered superior. However, quantitative data on efficiency improvement from
cleaning are lacking, though the claim is that liquid-based cleaning “should more than pay
for itself” (Roberts, 2009b).

Additionally, shorter and straighter lengths of pipe, and avoidance of obstacles such as
valves and flow meters in the pipeline (INGAA, 2010a, p. A-1 to A-2), as well as removal of
debris such as “hard hats, wooden skids, pig bars, chill rings, welding rods, and electric
grinders” (Roberts, 2009a) that are occasionally left in pipelines, will increase efficiency.

As discussed in Section 1-C-iii-c, replacing leak-prone pipes in the distribution network
would save 23 Bscf/yr (BGA, 2014), or ~0.1% of total natural gas consumption. Such
repairs would also have important safety and reliability benefits.

iii. Internal surface coatings

As noted in Section 1-C-iii, pipeline companies began experimenting with internal coatings
to reduce friction and increase system efficiency in the 1960s; however, internally coated
pipes only became widely available starting in the 1990s.1° The use of internal coatings has,
according to one coatings manufacturer, become “standard industry practice” (Jotun,
2014). Others similarly claim that internal coatings are becoming “widely applied in gas
pipelines and a remarkable economic benefit has been achieved” (Deyuan et al., 2011);
many European countries and China have adopted coating technologies, with dramatic

18 “Legend has it they are called pigs because the early internal cleaning devices were made a [sic] leather
cover stuffed with batting materials which made a sound much like a pig as line pressure pushed the device
through the line. Maintenance pigs come in a variety of configurations including elastomeric spheres or
devices consisting of a mandrel with elastomeric cups, discs, pigs, and brushes fastened to it. Some even have
magnets to attract iron sulfide (rust)” (INGAA, 2010Db).

19 There are a variety of coating materials available, including fusion bond epoxy coatings (INGAA, 20103, p.
30), but there was no additional information available in the references examined on the chemical
composition of these coatings.
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improvements in gas transmission rates, in some cases up to 30% (Deyuan et al., 2011).
However, the U.S. is curiously absent from the list, suggesting the practice may be less
widespread here.

Internal coatings are most effective at high flow rates, where flow is often turbulent.
However, for a sufficiently low surface roughness, a laminar film can be formed at the pipe
wall-fluid interface, reducing friction between the fluid and the pipe with a concomitant
reduction in pressure drop and reduced amount of power needed to maintain pressure at a
given throughput. An internal coating can form a more even coating on the inner pipe wall,
reducing surface roughness (INGAA, 2010a, p. 30; Collet and Chizet, 2013). Typical values
of average absolute roughness (maximum peak to valley height) for uncoated steel pipe are
20-50 pm (with the latter corresponding to corroded pipe) and 1-5 um for coated pipe
(Deyuan et al.,, 2011; Collet and Chizet, 2013). INGAA provided an example of an 11%
reduction in fuel use compared to bare steel pipe when using an internal coating (INGAA,
2010a, p. C-1). Other researchers have reported increased flow rates between 5% and 27%
(Pipelines International, 2011; Collet and Chizet, 2013), so coatings can make a significant
impact on efficiency. A reduction in compression power can therefore be achieved with the
same gas flow rate (Collet and Chizet, 2013).

A new innovation is the use of microgrooves to further reduce friction below that which
can be achieved simply by making an internal surface as smooth as possible. Initially
explored in the 1970s by Michael Walsh at NASA Langley, this so-called biomimetic drag-
reducing coating “...completely broke through the traditional way of thinking,” and has
recently been realized experimentally by a group at Beijing University (Deyuan et al.,
2011). Using a groove of 135 pm width and 100 pm height on a coated surface that already
possessed very low (5.5 um) surface roughness, a further improvement of 6% in gas
transport efficiency was achieved (Deyuan et al., 2011).

C. Cost estimates

Cost data was difficult to obtain and only a handful of data points were available. More
detailed information on the costs of various system components and their cost trade-offs
are critically needed to help evaluate efficiency opportunities.

i. Compressor systems

While slow speed, integral reciprocating compressors are typically more efficient than
modern high-speed compressors, they are “...generally no longer commercially available
because they are cost-prohibitive to manufacture and install,” (Deffenbaugh et al., 2005).
The trend has been toward larger, more flexible machinery that can handle large swings in
gas flow rates necessary in modern operations. Therefore, a return to earlier technology
appears infeasible.

“Assuming the same configuration and location, two smaller compressor units will have a

higher cost per horsepower compared to a larger unit due to economies of scale,” (INGAA,
20104, p. 32).

35



For low-speed reciprocating compressors, gas engines are the most expensive option in
terms of upfront cost, while gas turbines and electric motors have approximately the same
installed cost. Between 1995 and 2010, the installed cost of compressor units has
approximately doubled (INGAA, 201043, p. 42. Typical installation costs for a greenfield mid-
sized (~15,000 hp) compressor powered by a gas turbine were between $2,500 and $3,500
per hp in 2010 (INGAA, 20104, p. 36), but more efficient compressors can cost 25% more,
and if multiple compressors are chosen to increase flexibility, cost can be as much as 50%
higher (INGAA, 2010a, p. 42).

Information on the relative costs of reciprocating versus centrifugal compressors was very
limited. What information was available was hampered by a lack of “apples to apples”
comparisons; an example is provided in Table 4, reproduced from INGAA (20104, p. 36). In
general, the author observes that the cost of a centrifugal vs. reciprocating compressor
could be very similar (central three cases shown in Table), but taken across all data points,
reciprocating compressors appear to be somewhat more expensive.

Table 4. Relative driver/compressor cost comparison for a 14,400 hp unit

Estimate for Initial Cost on Site
Single GT Multiple GT | Electric Motor | High Speed Slow Speed
Turbine / Turbines / / High Speed Engine / Engine /
Centrifugal Centrifugal Reciprocating | Reciprocating | Reciprocating
Compressor Compressors Compressor Compressor Compressor
Total Installed
Cost 100% 129% 130% 132% 154%

Source: INGAA (20104, p. 36)

In terms of compressor costs across technology types, Smith (2013) provided cost
information that broke costs down by materials, labor, land and miscellaneous expenses?20
and also as a function of compressor power. Actual average cost for July 1, 2012 to June 30,
2013 was $2,657 /hp, with compressor materials as the dominant actual cost item (41% of
total), followed by labor (36%) and miscellaneous (22%). See Figure 19. These figures are
comparable to averages derived from ICF (2014) for projected compression costs between
2014 and 2035: $2,640/hp for transmission and storage compression, and $2,800/hp for
gathering system compression.21

20 This category includes “surveys, engineering, supervision, interest, administration, overheads,
contingencies, allowances for funds used during construction, and FERC fees” (Smith, 2013).

21 Specifically, ICF (2014) projected total compressor capital expenditures (in 2012 dollars) between 2014
and 2035: $11.6 billion for transmission and storage, and $23.5 billion for gathering. Dividing by total
projected expansion capacity from the same source produced the reported averages.
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Figure 19. Estimated and actual compressor cost breakdown for 2012-2013
Source: Smith (2013).

Total compressor cost vs. capacity (in hp) is shown in Figure 20, where a downward trend

with increasing hp is evident. Data for individual compressor projects in 2012-2013
(Smith, 2013) exhibit considerably more variability than these averages, however.
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Figure 20. Estimated and actual total compressor costs vs. capacity for 2012-2013
Source: Author calculations using data from Smith (2013)

ii. Waste heat recovery

As discussed in Section 2-A-iv, waste heat recovery from compressor systems can
sometimes be economical. Hedman (2008) estimated that the capital cost of such systems
on large (>15,000 hp) gas turbines is $2,000-$2,500/kW.22 With reasonable assumptions
about equipment life and financing,?3 the annualized capital cost is about 3.1 ¢/kWh, on top
of which an additional 0.5 ¢/kWh is added to pay the pipeline operator for the value of the
heat, and an additional ~0.2 ¢/kWh is added to pay for operations and maintenance (range:
0.1-0.5 ¢/kWh). Given that current prices for wholesale power range between 3.5-5.0
¢/kWh for long-term (20-30 year) purchase agreements, such systems can be favorable
when capacity factors are sufficiently high. Green incentives (~0.5-1.0 ¢/kWh) can create a
strong additional financial incentive (Hedman, 2008).

Although deemed uneconomical under current circumstances, the report did estimate
capital costs for turboexpander systems as well: between $600 and $2,300/kW (in 1987
dollars), with the lower figure reflecting the considerable economy of scale inherent for a
larger system (3.8 MW). Operational costs are also high: in addition to fuel for gas heating,
the maintenance of the turboexpander is estimated to be 0.1-0.5 ¢/kWh (Hedman, 2008).

22 Hedman (2009) updated this estimate to $2,500-3,500/kW. However, the 2008 values are retained here in
order to provide a consistent calculation.

23 Assumptions: 20-year equipment life, 8% financing and 95% capacity factor; lower capacity factors will
drive up cost considerably (Hedman, 2008).
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iii. Pipelines

Little information was available about pipeline construction costs. INGAA states that
doubling the pipeline diameter will allow four times the gas flow, “yet costs only about
twice as much to construct and costs virtually the same to operate” (INGAA, 2010a, p. A-2).
Conversely, doubling the gas flow in a fixed-diameter pipe will quadruple the energy
needed to compress it (INGAA, 201043, p. 28). Clearly, maximizing pipe diameter will reduce
operating costs.

BPC (2014) provided two sets of natural gas pipeline infrastructure cost estimates, based
on data from ICF (2009) and CPUC (2012). The ICF data was for 30-36 inch diameter pipes,
and ranged from $30,000 to $100,000 per inch-mile between 1993 and 2007; the cost
calculated for a 36-inch pipe was $1,080,000 to $3,600,000 per mile. The CPUC data
provided estimates for pipes ranging from 10 to 36 inches in diameter and was
intentionally inflated by 40% from expected costs; the cost range spanned non-congested
to highly-congested areas. Table 5 shows the data, reproduced from BPC (2014). For 36-
inch pipes, the data is approximately twice as high as the ICF data, after correcting for the
40% inflation factor. According to BPC (2014), the difference may be partially due to a
combination of cost overestimation, and real cost inflations between the times that two
studies were published.

Table 5. Estimated pipeline installation costs.

COST (MILLIONS OF DOLLARS PER MILE)

:I:él: = NON-CONGESTED SEMI-CONGESTED HIGHLY CONGESTED
AREAS AREAS AREAS

10" %0.6 $1.3 £2.1

16" $1.1 £2.0 £3.2

24" $2.0 $3.4 $5.2

36" %4.0 6.2 £8.9

Source: CPUC (2012)

Another recent report (BGA, 2014) provided a range of distribution pipeline replacement
cost of between $1.5 and $5.0 million per mile, depending on diameter and other factors.
These numbers appear to be roughly consistent with the (inflated) CPUC data, at least over
the pipeline diameter range of 24 to 36 inches. BGA estimated that replacing the entire
leak-prone portion of the distribution network (112,600 miles) would cost $275 billion,
implying an average cost of ~$2.4 million per mile.

Oil and Gas Journal reported pipeline costs based on FERC data filed between July 1, 2012
and June 30, 2013 (Smith, 2013). Two sets of estimated costs were presented, as well as
actual costs for one of the data sources. While considerable disparity exists among the
three datasets cited, trends are generally in line with recent data presented above from
CPUC (2012) and BGA (2014). See Figure 23.
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Figure 21. Estimated and actual total pipeline costs vs. diameter for 2012-2013
Source: Author analysis of data from Smith (2013, Tables 4 and 7)

ICF (2014) provided total projected capital expenditures (in 2012 dollars) between 2014
and 2035 for gathering, mainline transmission and lateral lines. These three categories of
pipelines varied widely in average diameter (see Sections 1-C-iii-a and 1-C-iii-b for details).
Using this data, the author derived an average cost per mile of $117,000/mi for gathering
pipelines (average diameter 3.6 inches), $2.64 million/mi for laterals?* (average diameter
16.3 inches), and $4.69 million/mi for transmission pipelines (average diameter 30.5
inches). These results are broadly consistent with other studies.

Smith (2013) also examined estimated and actual total average pipeline construction costs
over the past decade, showing a dramatic rise since the early 2000s. Actual costs for 2013
($3.49 million/mi.) were approximately three times that of 2004. See Figure 22.

24 See definition in Section 1-C-iii-b.
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Figure 22. Estimated and actual total pipeline cost trends, 2004-2013
Source: Smith (2013). Note: While there were sometimes large annual differences between
estimated and actual costs, the overall trends of both are significantly upward.

Finally, as for compressors, Smith (2013) provides a cost breakdown for compressor

construction by component. Labor constitutes the most significant (47%) component of
actual cost, followed by miscellaneous (31%) and materials (16%). See Figure 23.
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Figure 23. Estimated and actual pipeline cost breakdown for 2012-2013
Note: ROW = rights-of-way (land).
Source: Smith (2013)

iv.  Cleaning (pigging)

No useful cost information was available about pigging for efficiency improvement, other
than the claim that liquid-based cleaning “should more than pay for itself” (Roberts,
2009b). There is also a cost distinction between “online” (pipeline continues to operate)
versus “offline” (pipeline out of service and depressurized) pigging. “As a rule, offline
cleaning can be twice as expensive as online and the cost is compounded by the loss of gas
revenues,” (Roberts, 2009a). Pigging costs are higher offline due to a number of factors:
slower pig velocity, more cleaning runs, the need for pressurized nitrogen and air to propel
the cleaning equipment, and the fuel cost to generate pressurization over the duration of
cleaning. In the case where natural gas at low pressure can be used as a propellant, some
cost savings may be realized (Roberts, 2009a).

v. Internal coatings

According to INGAA, because it involves a substantial expense, internal coatings are not
cost-effective in many circumstances (for instance, at light load capacities). When coatings
are economically justified, they are most often used for future expansions, pipeline
replacements or as a trade-off against the expense of higher compressor power (INGAA,
2010a, p. 30).
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INGAA provides a cost estimate range of between $2-$8/ft. depending on pipe diameter
and type of coating (INGAA, 20104, p. C-1), though coating materials other than fusion bond
epoxy were not specified. If the factory producing the pipe is unable to coat it, it must be
shipped to another location for coating, costs could be higher and possibly result in
construction delays. According to INGAA, replacing old steel pipe with new, internally
coated pipe would typically be cost prohibitive because efficiency gains would not justify
the cost (INGAA, 20104, p. C-1).

Fogg and Morse (2005) provided a few cost estimates that consist of a mixture of absolute
and relative values. One study they cited reported savings of $20 million for a 530 km
length pipe with a flow of 5.6 MMscf/day; the pipe diameter was not specified. Another
study reported 5% cost savings due to a reduction in pipe diameter from 26 to 24 inches
(outer diameter) while using the same compressors to achieve the same flow. A third study
calculated cost savings of 7%-14% relative to uncoated steel pipe with little corrosion (20
um roughness), increasing to 15%-25% savings when the pipe was heavily corroded (50
pum roughness).

Collet and Chizet (2013) provided even more optimistic estimates of cost savings, citing a
2002 examine from Argentina where a 1,200 km length of coated pipe incurred 27% lower
compressor costs than uncoated pipe, among the highest savings cited in the literature. The
source goes on to claim that reduced energy costs from internal coatings often have a
financial payback of 3-5 years, with even further savings possible if the number of
compressor stations and/or compressor capacity is reduced.

For the microgrooved pipe coating with an estimated efficiency improvement of 6%, the
researchers estimate that the cost of such a coating is (Chinese) ¥10 (about $1.60) per m?
of internal pipe surface (Deyuan et al., 2011). Using their assumed internal diameter of 40
inches, this translates into $5,100/km or $1.55/ft. of pipe distance.

vi. Storage, processing and LNG

Only one source of information was available to estimate costs of new natural gas storage,
processing and LNG plants: ICF (2014). This source provided total projected capital
expenditures (in 2012 dollars) in these categories between 2014 and 2035, along with
projected capacity additions (see Sections 1-C-i and 1-C-iv). By dividing these two
quantities, average costs per unit of capacity were obtained:

e Natural gas storage: $14.6 million per Bscf
e Natural gas processing plant: $801 million per Bscf/day
e LNG export facility: $4.70 billion per Bscf/day

D. System-level trade-offs

Note: All information in this section comes from a single industry source (INGAA, 2010a).
Additional sources of information or perspective would be useful to verify and update this
information in the future.
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INGAA sums up the types of trade-offs that pipeline manufacturers must make when
deciding whether to invest in efficiency: “When the cost of innovations exceeds what
customers are willing to pay under their transportation contract with their pipeline
company, there is little incentive for pipelines to assume the risk association with such
investments.... Pipeline companies strive to be as efficient as possible, yet must balance
efficiency with the need to provide reliable and flexible service to customers” (INGAA,
2010a, pp. 2-5).

As gas delivery contracts have become shorter (<15 years; INGAA, 20104, p. 21), pipeline
companies have faced considerable risk that their capital investments cannot be fully
recovered. Moreover, competition between pipeline companies has placed more bargaining
power in the hands of gas customers, creating a split-incentive situation where customers
will only tend to pay for efficiency improvements that directly benefit them (INGAA, 2010a,

pp. 4-5).

Because peak flow is required for only a small portion of the year, “the pipeline company
may select compressor units with the lowest cost that provide the greatest flexibility”
(INGAA, 20104, p. 31), which means that they will often be operating away from the most
efficient design point. There are some remedies for this situation, however: flow simulation
software now allows for real-time modeling to help pipelines to operate more efficiently,
usually through increasing pipeline pressures (“line packing”) (INGAA, 20104, p. 39).

While two smaller compressors will have a higher cost per unit of compressor capacity (e.g.
in hp) compared to a larger unit due to economies of scale, “operating multiple, smaller
compressors can achieve better overall fuel efficiency than a single larger compressor,” if
the pipeline generally operates with less than the maximum rated gas flow (INGAA, 2010a,
p. 32).

INGAA (20104, p. 43) provides a payback example for a 10,000 hp replacement, which is
reproduced in Table 6. With the assumptions provided therein, the payback time for a 33%
more efficient compressor (6,000 versus 8,000 Btu/hp-hr) is nearly 16 years, representing
perhaps an length of time longer than some pipeline company would be willing to wait for
full investment recovery (INGAA, 2010a, p. 42).
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Table 6. Cost comparison example for replacement of a 10,000 hp compressor
Gas Cost $4.00/Dth

Compressor size 10,000 hp

Heat rate Annual Fuel Cost Capital Cost
Average efficiency 8,000 Btwhp-hr $2,242,560 $35,000,000
Best efficiency 6,000 Btu/hp-hr $1,681,920 $43,750,000
Annual savings $560,640 $8,750,000
Payout in years if unit operates at 80% 15.6 years

Note: Dth = decatherm.
Source: INGAA (20104, p. 43)

The location and spacing of compressor stations is another important factor in overall
system optimization. Pipeline companies now use advanced simulation software to
determine optimal compressor station placement, considering cost, physical space
availability, permitting, and reliability. INGAA provides an example of the trade-off
between delivered transportation cost for natural gas vs. pipeline mileage that illustrates
optimal compressor spacing. A smaller, 30-inch diameter pipeline requires shorter spacing
(approximately 60 miles) between compressors stations because of the increased pressure
drop associated with higher velocities in a smaller diameter pipe. Larger 36-inch and 42-
inch diameter pipelines have lower pressure drops and therefore optimal spacing between
stations is wider (80 miles and 100 miles, respectively). However, additional
considerations including environmental, landowner, and other siting needs often force
deviations away from an economically optimal spacing design (INGAA, 2010a, p. D-1).

According to INGAA, “As a rule of thumb, in a new pipeline design, a pipeline company can
spend two to four times more initial capital on pipeline than on compression to achieve the
same delivered cost of gas.” In fact, pipeline companies explicitly calculate the economic
trade-offs between larger diameter pipelines versus the additional compression needed to
achieve a desired flow rate. As stated earlier in Section 2-B, another important
consideration is the nonlinear relationship between pipeline diameter and compression,
where a doubling of gas flow for a given pipe diameter quadruples total fuel usage (INGAA,
2010a, p. 28).

Another trade-off concerns compressor valves, which must be replaced frequently and is
the single largest cause of unscheduled downtime for reciprocating compressors. “There
are trade-offs between valve types such as durability, efficiency, maintenance
requirements, and cost.” (INGAA, 2010a, p. 40) As discussed in Section 1-C-ii, advanced
valve designs such as those being developed by SWRI appear to offer good cost-saving
opportunities and may increase efficiency slightly as well.

As mentioned in Section 2-C-v, internal pipe coatings may not be cost-effective in many
circumstances, so they are often used in the context of future expansion, pipeline
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replacement, or as a trade-off with increased compressor power (INGAA, 2010a, p. 30).
However, compared to uncoated pipe, coatings appear to offer significant efficiency
improvement.

3. Synthesis

All estimates presented here are drawn from material in Section 2.

Compressors. By choosing larger compressors with good pulsation control and advanced
valve technology, it appears that both reciprocating and centrifugal compressors may be
technically capable of reaching 90% thermal efficiency at their design point, and perhaps as
high as 95% eventually. However, off-design operation is increasingly the norm for
compressors, in order to accommodate large swings in demand. While not mentioned by
INGAA, one solution may be to install multiple smaller compressors, so that capacity can be
switched on or off modularly, maintaining high efficiency in operating units; however, such
a choice usually increases cost. Therefore, due to cost considerations, an efficiency of 290%
may not always be achievable in practice. Still, compared to typical design efficiencies of
existing reciprocating and centrifugal systems (~80%), there appears to be a potential for
perhaps a ~10% average efficiency improvement in compressor equipment. A number of
these efficiency options can be implemented in a retrofit fashion, so virtually all existing
compressors are potentially eligible.

Older prime mover technology is less efficient than modern (2010 era) equipment, which
for gas engines and large (>10,000 hp) gas turbines are all close to 40% efficiency, so
choosing one technology over the other may be unimportant from an efficiency
perspective. It is difficult to compare electric motor efficiency with that of gas-based
technology, however, because one must consider efficiencies of motor, transmission and
electricity production as a system, and electricity can also be made using non-combustion
methods. In some circumstances, the system efficiency of electric motors can be higher
than that of gas-based technology, and even if efficiency is lower, electric motors may
sometimes reduce GHG emissions. The choice of electric vs. gas may be increasingly driven
by air quality concerns. Electric motors do appear to be a more efficient choice than gas
engines when flow rates vary substantially.

Meanwhile, the efficiency of new gas-based prime mover equipment continues to improve.
Compared to average efficiencies of 20-30 or more years ago, which represent the majority
of existing installed equipment, improvement of 10%-30% appears possible, with the
largest gains corresponding to larger horsepower systems (>20,000 hp). For older gas
engines, engine control technology can be added in a retrofit fashion, improving efficiency.

Waste heat recovery (WHR) in gas turbine systems may be economical, particularly in
states with “green” incentives, such as an RPS target that gives credits for WHR. While not
directly improving the efficiency of the compressor system itself, waste heat recovery
provides inexpensive supplemental electricity without burning additional fuel, and thus
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offsets other electricity generation. About 90-100 compressor stations in the U.S. (~7% of
total stations and 4%-5% of total prime mover power capacity) are estimated to be
economical, and this number may grow as the price of electricity increases, through green
policies or other changes.

Pipelines. Larger diameter pipelines are desirable, as they lower compressor energy use
very significantly (energy use appears to scale with the inverse fourth or fifth power of pipe
diameter at fixed flow rate). Therefore, according to the author’s calculations, a 10%
increase in pipe diameter could reduce compressor energy use by 40%-50%, though this is
an inference and needs to be verified by those in the industry. It is evident that pipeline
diameters are currently limited to 48 inches through an economic trade-off among pipeline
capital cost, compressor capital cost, and compressor energy use. However, it is the
author’s view that the largest-diameter pipelines may not always be used, especially among
smaller pipe diameters. If incentives (e.g., a price on carbon) materialized to favor higher-
efficiency systems, pipeline diameters would probably be increased.

Pipeline pressures can be increased, sometimes in combination with obtaining a higher
MAOP certification, though the latter often requires newer high-strength steels to handle
the higher pressure, so this is usually only an option for new pipelines. Improvement
potential could be large if a pipeline is currently not operating near its MAOP rating.
Boosting the MAOP level from 1,600 to 1,750 psi as illustrated in the example in Section 1-
C-iii would provide an additional ~10% increase in efficiency.

Good pipeline layout (e.g., minimizing unnecessary bends and overall length) as well as
keeping protruding equipment in the pipes to a minimum can further enhance efficiency.
Regular cleaning not only improves reliability but can boost efficiency as well.

Interior coatings also appear to make a significant improvement in efficiency, ranging
from 5% to 27% compared with uncoated pipe. The use of a new microgrooved coating
developed by Deyuan et al. (2011) appears promising, providing an additional efficiency
improvement potential of ~6%.

Table 7 summarizes the efficiency opportunities in the U.S. natural gas TS&D system, based
on sources cited earlier in the report. Estimates of the overall potential for efficiency
improvement is difficult, however, due to lack of data about the efficiency distribution of
the existing fleet.
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Table 7. Summary of efficiency opportunities in the U.S. natural gas TS&D system

Category Equipment type Description of action Efficiency
Compressors | Reciprocating and centrifugal Base efficiency (modern designs) 75%-90%
Base efficiency (legacy designs) 80%-95%
Larger capacity +15%*
Pulsation control +6%
Overall potential (high speed) 90%
Overall potential (slow speed) 95%
Pulsation control system retrofit No quantitative data available
Reciprocating Cylinder replacement with improved No quantitative data available
designs
Prime Gas turbine Base efficiency (>20,000 hp, 1980 era) | 27%
movers (>20,000 hp) Base efficiency (2010 era) 40%
Gas turbine (10,000-20,000 Base efficiency (1974 era) 31%
hp) Base efficiency (2010 era) 38%
Gas turbine (<10,000 hp) Base efficiency (1974 era) 28%
Base efficiency (2000 era) 31%
Gas turbines (215,000 hp) Waste heat recovery (~10% of gas Savings of 0.2% in U.S. natural gas
turbine capacity) electricity generation
Gas engine Base efficiency (2014 era) 37%
Engine control retrofit, replace gas No quantitative data available
engine with electric motor
Electric motor Base efficiency (2010 era) 90%-95%
Compressor | Gas turbine, centrifugal Base efficiency (1990 era) 22%
systems compressor Base efficiency (2010 era) 33%
Gas engine, reciprocating Base efficiency (1995) 42%
compressor Base efficiency (2010 era) 46%
Pipelines All Base efficiency (average) 97%-98%

Increase pipeline diameter 10%

40%-50% savings

Reduce pressure 10%

20% savings

Pipe cleaning (pigging)

No quantitative data available but
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“should more than pay for itself”

Conventional interior coatings 5%-27%
Microgrooved interior coating 6%
Distribution Replace leak-prone pipes (9% of total | ~0.1%

network miles)

* When starting from low end of range. From high end of range, efficiency improvement is reduced toward zero.
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